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PREFACE 


In February 1994 the National Health and Medical Research Council called for 
expressions of interest to assist the Health Care Committee Working Party in its 
revision of the 1986 Report "Effects o l Passive Smoking on Health". A specific 
brief was to "examine whether a link exists between passive smoking and disease 
in adults and children." 


The present report was prepared at the request of the Tobacco institute of 
Australia. Its contents represent a rigorous, objective evaluation of the scientific 
literature on this subject by a group of scientists convened by Dr Julian Lee. 

The financial support necessary to undertake this task has been provided by the 
Institute. Editorial independence was guaranteed and has been preserved 
throughout. The conclusions expressed in this document are those of the Working 
Group acting as an independent body. 


Principal authors of material in Sections 3 and 4 are as follows; 

3.1 -3.4 Childhood Health Outcomes; JE, JP, MF 

3.5 SIDS: PC 

4.1 Respiratory Illness in Adulthood; DM 

4.2 Lung Cancer in Adulthood; WD, KM 

4.3 Heart Disease in Adulthood: MM, KM 

The entire document was read and supported by everyone in the Group. 
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Executive Summnty 


EXECUTIVE SUMMARY 


I. Goal 


This report summarises our scientific assessment of possible associations between 
exposure to environmental tobacco smoke (ETS] and the following health effects: 

• upper and lower respiratory illnesses, impairment of lung function, 
asthma and SIDS in children 

• lung cancer, heart disease, exacerbation of asthma and impairment of 
lung function in adults 

The report is set out as follows 

1: Introduction. 

2: Criteria (or establishing a causal relationship between a potentially 

harmful agent and a health outcome in a population and discussion of 
the criteria by which the quality of epidemiological studies should be 
assessed. 

3: Assessment of whether exposure to UTS is significantly associated with 

adverse health effects in children 

4: Assessment of whether exposure in ETS is significantly associated with 

adverse health effects in adults. 

This approach reflects our belief that Scientific proof should be based on a set of 
agreed and well defined criteria, and that any potential causal relationship should 
be evaluated accordingly. These criteria include facets of logic, biological 
plausibility, strength and consistency of the statistical association, and its 
robustness to the many possible sources of bias and confounding. This is not to 
imply that policy development must be based only on absolute proof. 

Because of their commonality to all of the epidemiological and experimental 
studies referred to in this report, problems of quality and their potential impact 
are discussed prior to detailed evaluation of the relevant literature. 
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II. Basis of our opinion 


Our opinion has been formed on (he basis of professional experience and 3 
critical evaluation of relevant published papers and reviews of this literature. We 
believe that the literature which we have reviewed comprises the main papers in 
the areas of interest. This material has been drawn from major databases 
(including Medline and Cancerlink) and papers referred to in published reviews. 

III. SUMMARY OF CONCLUSIONS 


(i) Health effects in children 

The effects of ETS on the health of infants and children are difficult to separate 
from the many effects of confounding factors such as socioeconomic status, 
genetic disposition, family history of illness, breast feeding and maternal smoking 
during pregnancy. The last factor is rarely considered (except in relation to 
Sudden Infant Death Syndrome) and is likely to be confounded with maternal 
smoking after pregnancy. 

Generally speaking, the mechanisms and causes of illnesses in children which 
may be associated with ETS are unknown. 


Lower respiratory Illness 

Exposure to ETS is associated with an increased risk of lower respiratory tract 
infections in infants. There is a weak association between exposure to ETS in 
infancy and subsequent likelihood of developing asthma. After adjustment for 
chest infections in infancy the risk is reduced. Other confounderS have been 
documented to be important, hence causation has not been demonstrated. It is 
unclear whether the important factor is exposure to FTS in infancy per se or active 
smoking during pregnancy, which is associated with lower birthweight and 
narrower airway calibre. The situation with respect to older children Is 
unresolved. 


viii 



Lung funclion 

The literature on the effects of ETS on lung function m children is inconsistent, 
with the majority of studies showing only small changes, if any. Confounding 
factors such as family history ol illness, early respiratory illness and low 
biithweiglit appear to play an important role. The clinical significance of anv 
observed small changes is unknown. 


Upper respiratory illness 

Exposure to ETS is associated with only a small increase in risk for upper 
respiratory tract infection ill children; this is not the only risk faclor, and 
probably is not the most important Other risk factors, such as day-care 
attendance and crowded living conditions, appear more important Overall, the 
literature reported inconsistent results, and little in the way of discussion of 
biological mechanisms for any association with b ib. 

Sudden Infant Death Syndrome (SIDS) 

There are many risk factors with elevated relative risk for SIDS. The most 
prominent are: prone sleeping position, low birthweight, maternal smoking 
during pregnancy and low socioeconomic status ol the mother. The mechanisms 
and causes of SIDS are unknown. A causal relationship has not been established 
between SIDS and either maternal smoking during pregnancy or after the birth. 

(i) H EALTH EFFECTS IN A DULTS 

Respiratory- Effects 

Acute effects on lung function: 

There is no evidence that exposure to high levels of ETS for periods of up to 2 
hours causes a detectable change in airway function in healthy subjects. 
Significant decreases in airway function have been observed in some asthmatics 
with moderate or severe bronchial hyper-responsiveness, but clinically significant 
bconchospasm appears to be a rare event. A dose response relationship has not 
been documented conclusively and there are some contradictory data. The effects 
are transient and can be reversed promptly or prevented by inhalation of □ 
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bronchodilator. The possible protective effect of adequate prophylactic 
medication has not been investigated systematically. 

Effects of chronic exposure: 

Clinically significant effects of long-term exposure to ETS on pulmonary function 
in healthy adults have not been documented. Asthma is associated with impaired 
lung function and an accelerated decline in airway function with time. Active 
smoking has little effect on this rate of decline but it is possible that those 
asthmatics who were affected managed to cease smoking. The available data do 
not support the hypothesis that asthmatics are especially susceptible to long-term 
respiratory effects of ETS. 

Lung Cancer 

To assess the possible association between surrogate measures of ETS exposure 
and risk of lung cancer, more than 30 individual epidemiological studies have 
been reviewed. Several reviews and meta-analyses of the individual studies have 
also been addressed. Our conclusions, based on a synthesis of these various 
sources, appear below. 

Spousal exposure 

There is an overall positive association between spousal smoking and lung 
cancer, but this association is not strong. Current combined estimates of relative 
risk typically range from 1.0 to 1.4. Although this is unlikely to have arisen by 
chance alone, there is considerable variation in the quality of studies and we 
cannot exclude the possibility that various forms of bias and confounding may 
explain the observed increases in relative risk. Moreover, the variability between 
study estimates, especially on a regional basis, indicates that representativeness 
must be considered before drawing any conclusions about a particular 
population. 

Workplace exposure 

Overall, there was no significant increase in relative risks for lung cancer in males 
or females. The exposure-response relationships from both sources (spouse and 
workplace) are equivocal. The epidemiological evidence indicates that exposure 
to ETS in childhood is not associated with an overall increase in relative risk for 
lung cancer. 


x 



Based on specified criteria for establishing causality and on the available data, vve 
cannot conclude that exposure to ETS, either in Ihe home or at work, or in 
childhood, causes lung cancer. 

Heart Disease 

About half of the 14 epidemiological studies of ETS report statistically significant 
increased relative rtsks for heart disease, but these are generally small. 

A consistent exposure-response relationship has not been established and there 
remain concerns about study quality, particularly the impact of bias and poor 
control of confounders. 

Compared with identified risk factors for heart disease, the association between 
ETS and heart disease, based on both epidemiological and biological evidence is 
weak. 

There is evidence that exposure to ETS may increase short-term ischaemic stress in 
people with pre-existing coronary heart disease. Healthy persons are not 
generally affected. 

At this stage neither the epidemiological nor the biological data support a causal 
relationship between ETS exposure and heart disease. 
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1. INTRODUCTION 


Active cigarette smoking is injurious to health. Chronic lung disease (irreversible 
airway narrowing and emphysema) and lung cancer have the strongest 
associations. Approximately 15% of moderate to heavy smokers will develop 
disabling airflow limitation and a smaller proportion will develop lung cancer. 
There is also an increased risk of mortality from coronary artery disease among 
active smokers. Based on the assumption that there might be no safe level of 
exposure to tobacco smoke, and an extrapolation from the data regarding active 
smoking, concerns have been raised that passive smoking might produce 
qualitatively similar adverse health effects. 

Infants and individuals with pre-existing disease have been regarded as groups 
who might be particularly susceptible to adverse effects from environmental 
tobacco smoke. 

Involuntary ("passive'') smokers inhale environmental tobacco smoke (ETS) 
which consists of sidestream smoke (5S. smoke emitted from the tip of a cigarette) 
and exhaled mainstream smoke (EMS). There arc differences between mainstream 
smoke (MS) and ETS in (lie chemical composition and size of their particulate 
matter. It is uncertain which components of smoke are responsible for damage to 
the airways and lung parenchyma and il is not known, on a dose for dose basis, 
whether FT5 is less, equally, or more likely than MS to lead to lung damage 
(Fielding & Phenow, 1988). There is some evidence (hat S5 is more carcinogenic 
than MS (Surgeon General's Report, 1986) but it should be emphasised that active 
smokers are also exposed to high concentrations of SS. 

Nonsmokeis may be exposed to ETS at home, in the workplace, in public places 
and in recreational places. The amount of ETS indoors depends upon many 
factors including the size of the room, the number of smokers, the intensity and 
proximity of smoking by smokers, the type of cigarette smoked, and the 
ventilation or rate of air exchange (Fielding & Phenow, 1988). 

In addition, the "dose" of ETS depends on the amount of air inhaled in a given 
time, which increases with exertion. Methods of estimating exposure to ETS 
include questionnaires, counts of respirable panicles, atmospheric nicotine levels, 
carbon monoxide analysis of the air, urinary or salivary cotinine levels (a by- 
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product of nicotine metabolism which, to some extent, correlates with current 
exposure), and measurement of carboxyhaemoglobin in the blood (a measure of 
carbon monoxide inhalation) (Fielding & Phenow, 1988; Seppanen, 1977). 

Jn 1986 the NH&MRC reviewed the scientific literature related to passive 
smoking and health effects and published its Findings. The Council concluded that 
there was strong evidence that exposure in the first year of life was associated 
with an increased risk of lower respiratory tract illness. There was considerable 
information implicating parental smoking as a risk factor in middle ear effusions, 
reduced lung function, asthma attacks and Sudden Infant Death Syndrome (SIDS) 
but further study was needed to clarify whether these effects were due to 
exposure in utero from active smoking during pregnancy or subsequent passive 
smoking. 

With respect to adults exposed to ETS, Council noted the evidence that it caused 
"acute irritant effects in the upper and, to a lesser extent, the lower respiratory 
tracts". "Asthmatics may suffer significant acute effects following exposure." 
There were insufficient data to conclude any important acute or long-term effects 
on lung function in healthy individuals. Council also concluded "it is., prudent 
public health policy to infer an increased risk of lung cancer from passive 
smoking...despite limitations in the amount of data available". Concerning 
cardiovascular disease Council noted "there is very limited evidence available 
about the .. effects of passive smoking". 

Since that Report appeared there have been numerous studies examining the 
potential health effects of ETS. The aim of the present review has been to 
determine whether any of these possible associations are now established and, if 
so, whether they can be regarded as causal. 



2 



2. METHODOLOGY 


2.1 CRITERIA FOR ESTABLISHING A CAUSAL RELATIONSHIP 


The major reviews of health efforts associated with exposure to ETS (Surgeon 
General's Report (1986). NH&MRC Report (1986), NRC Report (1986), EPA 
Report (1992)) have all espoused some series of tests which should be evaluated in 
the establishment of a causal relationship. 

The NH&.MRC Report (1986) assesses a causal relationship as demonstrated 
through epidemiological studies by considering diversity of study designs and 
research methods, consistency of tmdings, interdisciplinary coherence, and 
biological and aetiological plausibility. 

For qualitative hazard identification the EPA Report (1992) considers "weight of 
evidence" (p.1-2) which includes, in tile evaluauon o( cancer, animal bioassays 
and genoloxicity studies, biological measurements of human uptake of tobacco 
smoke components, and epidemiological data on active and passive smoking. 
For noncanccr outcomes, conclusions are based primarily on reviews of the 
available epidemiological studios. 

For quantitative risk-assessment, however, the EPA Report states (p.1-3) that "the 
usefulness of the studies usually depends on how closely the study population 
resembles nonsmoking segments of the general population". Hence the US 
studies alone arc used for US asses.itienl; (he onitiiilenci'm these risk assessments 
is stated to be "medium lo high" ip.l-il 

All of the above reviews used a simplified and somewhat subjective version of 
the set of criteria proposed by Hill |1965). Despite the wide recognition that this 
set of criteria is not iimmitabie, ah of the issues identified by Hill are relevant to 
the relationships addressed in this paper. Subsequent discussions have enhanced 
rather than restricted the set of criteria (sec. for example. Ttveedie & Mengersen, 
1994). 

Jn tiie current report on the association between ETS and lung cancer, the 
evidence for causality is evaluated in the tighl nl all nine of Hill’s criteria. The 
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focus here is on establishing whether the relationship between an exposure and 
an outcome in a population is actually causal. Extra steps are needed to move from 
this to an assertion of causality in an individual. 

Hill's criteria, adopted here, are as follows: 


2.1.1 Strength 

If the relative risk is 'large', there is less likelihood that othPr adequate 
explanations of the observed association exist. It is generally accepted, based on 
epidemiological studies, that a relative risk of at least 2 is required before the 
estimate can be confidently considered to be free of the influence of confounders 
and other sources of bias and selectivity. For example Layard (1994) states that 
"relative risks of less than 2 are generally considered to be weak.'' Cornfield is 
quoted by Wynder et al. (1987] as suggesting that a relative risk under 3.0 might 
be considered weak. Doll (1985) states "past experience suggests that confounding 
is seldom likely to be the explanation if the lower 95% confidence limit of the 
estimated relative risk is greater than 3." Mantel (1990) advocated that values 
below 2 should not be regarded as having established an association. The US EPA 
(1992) would not conclude that electro-magnetic radiation from power lines is 
harmful because relative risks of at least 3 were not achieved. 

If relative risks greater than 2-3 were required, almost all of the studies ol healtli 
effects of ETS in adults or children would not be considered to have established a 
significant and reliable association with any outcome. 

Tests of strength of mi association involve ruling out the possible influence of the 
following alternatives: 

Chance: 'No other adequate explanation' implies that the relative risk is 
statistically significant; otherwise there is still an unsatisfactorily large probability 
that an observed increased relative risk is due to chance fluctuation or 
‘background causes', In addition it is important to differentiate between a 
sfafisftcfllfy sijnj/iainf and a clinically important relative risk. 

Study Quality: Are the studies of sufficient quality in design, conduct and 
analysis such that biases cannot contribute to the observed association? Variable 
study quality is acknowledged as a problem in all major reviews of ETS. Section 
2.2 is devoted lo detailed discussion of this issue. 


1 
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Confounders: 

(i) Is there any detectable or reasonably inferred confounder that is so 
intimately linked with the exposure that it could explain the association? 

(ii) Are there other factors which, while not entirely explaining the 
association, sufficiently influence the relative risk such that they must be 
considered in a study? If so. for a causal relationship to be established, it is 
essential to consider representativeness when extrapolating results to 

other populations. 

2.1.2 Consistency 

Has the association been observed repeatedly in different studies, and in different 
places, circumstances and times? Has it been observed using different study 
designs, such as prospective, retrospective, case-control and cohort studies? 

2.1.3 Specificity 

Is the association limited to the particular outcome? This is a difficult test to satisfy 
if the outcomes have more than one cause. 

2.1.4 Temporality 

Did the exposure precede (lu> outcome? it is potentially invalid to establish an 
association cased on current exposure if exposure has changed over time 

Day (1985, pp. 16-17) argues thai duration of exposure is more important than 
current exposure since the onset oi disease may have a long latent period, lie 
states (p. 17) that "serious errors in interpretation can occur if the wrong time 
interval is used for assessing-risk". Duration of exposure to ETS may Lie indicated 
by measures such as age or length H marriage, but has nut always been well 
controUeci, 

2.1.5 Biological gradient 

Is there an exposure-response relationship? ll is not sufficient merely to view this 
.‘by eye' when the overall relative risk is small, fjlalistical analysis is required to 
assess the effect of chance. 
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Testing a hypothesis of homogeneity of relative risk across exposure categories is 
different from actually developing a model to describe the exposure-response 
relationship. It is also important to differentiate between overall association and 
biological gradient; see Section 2.2. 

The limitations of testing and modelling for biological gradients with ETS are due 
in part to the small number and inconsistent definition of exposure levels in the 
various studies. Hence any extrapolation from high to low doses must be viewed 
with caution, especially if the biological evidence is mixed (for discussion see 
Thomsen & Kjelsen, 1974). 

It is crucial to establish the correct exposure-response relationship before 
attempting to predict the levels of risk for individuals at different levels of 
exposure, and hence in the assessment of attributable risk. 

2.1.6 Plausibility 

Is the proposed association explained by a biologically plausible mechanism? 

The answer depends on the biological knowledge of the day. Different biological 
models can be constructed in retrospect to explain observed results; other 
evidence, such as clinical data, should support any postulated mechanism. 

2.1.7 Coherence 

The proposed relationship should not seriously conflict with generally known 
facts about the natural history and biology of the disease. This may be in the form 
of laboratory or clinical studies. 

2.1.8 Experimental Evidence 

if preventative action is taken because of an observed association, is the 
frequency of associated events reduced in subsequent studies? Is there no other 
possible cause of a particular outcome? Experimental studies on animals may 
provide some corroborative evidence. 

2.1.9 Analogy 

Is the proposed relationship analogous to some other accepted cause and effect? 
if so, we might accept weaker evidence, but it must be established that the 


6 
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analogy is valid. In the case of ETS, for example, analogies with outcomes from 
active smoking must be on the basis that the chemical composition, exposure 
levels, inhalation patterns and associated outcomes (e.g. histological type of lung 
cancer) from the Iwo types of smoke are the same. 

On the application of these tests Hill (1965) stated ''On scientific grounds the 
evidence is there to be judged on its merits and the judgement should be utterly 
independent of what hangs on it. It's another question entirely to ask what is 
involved in the decision." 
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2.2. Study Quality 


There is considerable variation in the quality of the individual epidemiological 
studies relevant to this document, In terms of their size, design, execution and 
analysis. All major reviews of the health effects of ETS have addressed this issue to 
some extent. The EPA Report (1992), for instance, categorises studies of lung 
cancer into 'quality tiers' which are described as a measure of a study's "utility 
for investigating a potential association between ETS and lung cancer" (p.5-14). Of 
the 29 studies of spousal smoking exposure considered in the EPA Report, only 
five are categorised in the top tier and an equal number appear in the lowest tier; 
the latter are purported to be of such poor quality that they should not be 
included in any overall assessment. 

There is ongoing debate about the validity of categorising studies according to 
quantitative scores, and about the Scoring methods themselves. In the absence of 
an agreed method, our approach has been to detail the possible sources of poor 
quality and to assess whether any one of these could explain the observed 
associations. While an individual source of poor quality may not be identified, 
the accumulation of these sources may explain the observed association. 

One approach is to consider each study separately and make a judgement about 
the validity of its conclusions. Often this is not feasible since necessary 
methodological information is not provided. It would be naive to assume that 
because a study lias been reported in a peer-reviewed journal, all of these aspects 
have been properly verified. Many of the studies that we have considered could 
be dismissed as being inadequate on at least one critical aspect. However, we 
have considered ail relevant studies known tn us, excluding only those that are 
generally agreed in the literature to be fatally flawed. Exclusions are detailed in 
the individual sections to follow. 


2.1.1. CONtOUNDERS 

To fulfil the first lest of causality it is necessary to rule out the possibility that 
con/ounders could explain the observed association In the studies reviewed here 
there is neither a consistent set of potential confounding factors nor a consisted 
method for adjusting for them. For most outcomes, other risk factors have been 
observed in independent studies which can produce relative risks at least as large 


S 



as those observed for exposure to ETS. This is supported by Lee (1994, Table 2), 
Thornton (1994), Katzenstein (1992), Smith et al. (1992) and others. 

Diet, for example, appears to be emerging as an important confounder; it is 
identified in the studies of Koo (1987) and Hirayania (1984), and is discussed in 
detail by Lee (1992) and Byers (1994). The latter authors report some relative risks 
associated with dietary factors which are at least as large as that observed for 
exposure to ETS. 

A recent public report (Mathers, 1991) finds that one of the major factors 
influencing health in Australia is socioeconomic status. Many of these issues are 
addressed in more detail in the individual sections. 

2.2.2. problems or Definition 
Definition of Exposure 

The definition of index of exposure to TVS varies considerably between studies with 
respect to source and duration. Lee (1992, Table 3.20) summarises the variety of 
definitions arising in various lung cancer studies. Furthermore, knowledge of 
cohabitation with a smoker docs lltil necessarily imply exposure, nor is the 
"unexposed" group necessarily unexposed; see, for example, Friedman, Peltitti 
and Oawol (1983), The impact that this variation will have on the relative risk 
depends crucially on the shape of the true exposure-response relationship. 

Multiple sources of exposure should be considered. Adults may be exposed 
elsewhere other than in the home (Friedman et al, 1983); children may be exposed 
not only to parental smoke but also to that of friends. Those studies that do report 
multiple sources rarely account for them adequately in the analysis. Moreover, 
the effects of exposure may be measured from one source and extrapolated to 
another source. For example, the OSHA Report (1994) analyses exposure to 
spousal smoking and applies the results !o the workplace, ignoring the body of 
studies on workplace smoking 

Measurement of urinary cotinine avoids some limitations, but it measures only 
recent exposure. The test of temporality assumes consistency of exposure (or each 
subject. Cotinine measurements have also been used to screen out smokers from 
cases who declare themselves non-smokers (e.g. see Fontham, 1994), but this may 
not be completely effective (Wald et a!.. 1984). 
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Time of exposure must also be considered. Definitions may be based on self- 
repoiled responses which require good recall (e.g. about exposure in childhood). 
Alternatively, in recording only current exposure they again fail the test of 
temporality. This problem is especially compounded if there are multiple 
exposures, for example in the evaluation of pre- and post- natal exposure. 

Degree and Duration'. There is debate about the adequacy of attempts to obtain 
continuous measures of duration and magnitude of exposure, compared with a 
simple unexposcd/exposed categorisation. This is further exacerbated by recall 
bias and "surrogate" responses (see, for example, Riboli et a!., 1990, and Lee, 1992 
for the two sides of this argument). 

The more precise categorisations of exposure are inconsistent between and even 
within studies. Given the comparative rarity of some of the outcomes of interest 
and the relatively small sample sizes, this can have substantial influence on the 
observed results and hence on any attributable risk calculations. Poor definition 
may also be reflected in different exposure response relationships based on 
different measures (e g. Akiba, 1986). 


Definition of Outcome 

The health outcome of interest may vary between otherwise similar studies so it is 
important that only comparable studies are evaluated in the assessment ol a causal 
relationship. ■ • i 

An outcome should be unique. Death from heart disease is a different outcome from 
hospitalisation for hear! disease and ischaemic heart disease differs from that due 
to hypertension. 

An outcome should be regarded as a single entity. In many studies the outcome 
comprises a number of diseases (e.g. lower respiratory tract infections in 
childhood), Also, lung cancer encompasses a number of different histological 
types. As such, it is essential that diseases are precisely defined as a unit and that a 
relative risk for a collection of diseases is a meaningful measure. 

Am outcome should be a direct measure. It is difficult to assess causality if there is 
imprecision in the measure of both exposure and outcome. In the assessment of 
heart disease, intima! thickening is often measured, but a pathological outcome of 
lesions cannot be asserted withoul an extrapolatory step. 
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Outcomes determined by subject responses are also open to bias and 
misclassification. Responses will be influenced by the wording of questions and 
acquamtance wilh the disease, bronchitis and wheezing are often confused by 
parents, even though clinically ihey may reflect different diseases, Adults may 
report asthma or bronchitis without an established clinical diagnosis; whether this 
differs by exposure and hence contributes to a bias is not established. 

An outcome must be evaluated in the light of other outcomes. As wilh exposure, more 
than one outcome may be evaluated in a study, and it is imperative that the 
analysis adequately accounts for tile possible correlation between responses. If 
not, spurious statistically significant results may be observed and important 
interactions between outcomes may be overlooked. 

Misclassification 

Misclassification of active smoking, exposure to ETS and outcome may be a result 
of poor delimtion, poor study conduct or outright misreporting by subjects. 

Lee (1992) provides a review of studies which use cotinine to address this 
problem: the percentage of "deceivers" from the 6 papers which use cotinine 
validation range from 0 to 17.4%, with an overall rale of 4.3%. Wald et al. (1986) 
estimates misclassification of exsmokers as nonsmokers to be 4.9%. Other 
validation has also been attempted (see for example Humble et ah, 1987; 
Brownson et ah, 1992). Delfino et al. (1993), Jarvis et al. (1984) and McDonald et 
al. (1990) also found a low concordance between statements about exposure to 
ETS and actual exposure as measured by cotinine. 

Ahlborn and Uberla (1938), Wald et ai. (1986), the EPA Report (1992) and 
Tweedie, Mengersen and Eccleston (1994) also address this issue in the context of 
lung cancer; their results are discussed in Section 4.2. 

Wald et al. (1986) attempts to account for (Ids by making a single adjustment to 
the overall relative risk The US EPA report (1992) attempts to be more sensitive to 
individual study quality by adjusting each study separately. Both methods have 
been criticised. In our view the paucity of data and the deficiencies in the present 
methods preclude rigorous assessment of and adjustment for misclassification. 

There is also potential for misclassification of outcome. Death certificates are 
widely regarded as being potentially unreliable sources of cause of dealh, and not 
all other outcomes are rigorously established (in particular parental reports of 
children's diseases, and hospital records ul adult health). 
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Respondent Bias 

The problem 0 / niisclassification is exacerbated by using different respondents, 
including the subject and surrogates such as a spouse or child. Mengersen, 
Tweedie and Biggerstaff (1994) have assessed the impact of use of surrogate data 
on the observed association between lung cancer and exposure to spousal 
smoking. They conclude that, in the sixteen studies with relevant data, the iisp of 
surrogate data indeed affected study results, but not in a systematic way. 


Recall Bias 

The requirement to recall past exposures influences not only the misdassification 
rate, but can also bias the observed association if recall is different between those 
exposed and unexposed, or between those with and without the outcome of 
interest. 

Kilpatrick (1936) discusses possible bias in recall of ETS exposure. Cases may 
recall such exposure more readily than controls, which may lead to spuriously 
inflated observed relative risks. 

Maternal reports of children's illness has been argued to be systematically biased 
In a number of case control studies mothers of case children recall more 
outcomes and have different hospitalisation thresholds than mothers of control 
children. 

Publication Bias 

Distortion of the overall picture of an association through publication bias has 
been recognised by a number of authors- Positive studies are more likely to be 
published than negative results. Hall (1991), in the more general context of 
published information on drugs, discusses two types of such bias: under- 
publication and ovei-publication. Examples of overpublication include the so- 
called 'Tucson Study', 'Hast Boston Study' and 'Six Cities Study' which have 
generated multiple reports; see Section 3. 

Some reasons for under-publicalion, or selective publication, include 
confidentiality of results, adverse publicity, negative results, lack of 
time/incentive to prepare material for publication, and unwillingness on the part 
of some journals to accept certain studies, or nonsignificant results, for 
publication. 



Chalmers and Buyse (1986) provide some indication of the level to which 
nonreporting of insignificant studies may bias overall assessment. Hall (1991) 
concludes (p.23) that "until the problem of inaccessible or unpublished data can 
he rempdipd, conclusions based on published information alnne may he invalid." 

Reporting Bias 

Publication bias also exists within a paper; there is a tendency lo report only the 
Significant results. In the assessment of exposure-response, for example, Lee (1994) 
identifies the following problems. 

• There is a tendency to report an exposure-response relationship only 
when it is statistically significant. Hence any overall assessment is 
biased towards a positive association. 

* Even though such a relationship may be assessed using different 
indices, non-significant results may not be reported, 

* There may be different confounders at different exposure levels. In the 
analysis of lung cancer among adults, for example, women married to 
heavy smokers are reported to be more exposed to confounding risk 
factors such as pollution, poor living conditions, etc. than women 
married to light smokers. Similarly, marriage concordance is reported 
to vary with the amount smoked, so that misdassification rates may 
also vary with exposure 

• The exposure-response relationship should be assessed on the exposed 
groups only. 


Data Dredging 

There are two issues which contribute tu this problem: 

• Hypothesis testing: a study must ho designed with the goal of testing 
the association of inteiesl. Early studies (hypothesis generating) and 
those which construct an hypothesis nn the basis of the data should be 
viewed with caution. 

• Multiple testing: Some studies report a great many comparisons, and it 
is impossible to assess the number of unpublished comparisons unless 
Hus is explicitly stated (see, for example, Hirayama, 1981; 1984). While 
such dredging may be tolerated as ail exploratory tool, only results 
which apply to some pre-planned hypothesis should be considered as 
confirmatory. 
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Extreme comparisons: testing should not focus on extreme groups {see, 
for example, Hirayama, 1981). 


Wish Bias 

The tendency on the part of a subject or investigator to reach a desired result is a 
well-recognised potential bias (Wynder et al, 1990). Self-reporting of outcomes 
may be affected by conscious and unconscious psychological motives and 
economic considerations, and this may be exacerbated by surrogate reporting. 
Bias on the part of investigators, through a preference to Obtain positive results, is 
extensively covered in the literature (e.g. Hegsted, 1989). Like publication bias, 
however, it is difficult to evaluate the impact of this problem. 

Prejudgement Bias > 

This applies when a study is conducted using an alternative hypothesis other than 
one of no association. There are two problems arising from this. The first is that 
the possibility of a negative (or the opposite) fissociation is excluded. More 
importantly, adjustment for confounding factors may be influenced by the 
hypothesis. This is argued in detail by Fleiss and Gross (1991; cf Wexler, 1989, 
pp. 154-5). 

Representativeness 

If the conclusions of a study are to be extrapolated to the general population then 
a cohort or prospective study should be as representative as possible and 
constructed for the purpose of testing the particular hypothesis of interest. Case 
control studies must also adhere to this constraint, but particular care must be 
taken to ensure that the controls are also representative. Misclassification and 
confounding effects, which may give rise to results which do not apply to the 
general population, should be considered. It is generally acknowledged that 
problems of representativeness are threefold. 

77ie subjects used in the analysis may not be representative of the original study 
population. This may be through nonresponsp, loss to followup, lack of 
information or exclusion from analysis for other reasons. 

The study population may not be representative of the general population. Some 
populations are extreme (e g. Gillis, 1984; Akiba et at., 1986). Hospital controls are 
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also widelv recognised as being potentially noniupresentalive and capable of 
biasing the results (Hill, 1965). Ollier populations differ rvilh respect to 
background rates of exposure (bayard, 1992; Kiholi el al., 1991). Differences 
between populations with respect to socioeconomic status and employment may 
also influence the observed risk (Lew A Garfinkel. 1979; Mathers, 1994). 

The study population mat/ comprise subgroups. It the observed association is an 
average over particular subgroups of a population, and jl inference is (<> be made 
about these subgroups, it is important that particular attention be paid to the 
subgroups themselves. Such differences may be explained in part by the different 
influences of confounders. 

j Other biases arise from this: under the well known Simpson's paradox, bias is 
introduced by collapsing contingency tables across categories, so that two 
subgroups may have relative risks equal to unity (so that there is no association 
between outcome and exposure) but when combined the overall relative risk 
(ignoring the subgrouping) is substantially raised. The reverse may also occur. 

Statistical Methods 

Scientific rigour does not rest only on the quality of the study and data collection 
but also relies on the quality of the statistical analysis. We are dealing here with 
very small effects. Even given impeccable data and study design, the following 
are essential: 

• Statistical methods should be clearly described. 

• Statistical methods should be valid. 

• Statistical methods should he reproducible. This requires a complete 
description of how any problems are resolved (e.g. nonresponse items, 
outliers, choice of scales for ordinal variables, choice of cutpoints for 
categories). 

While we recognise that there is usually a limit to journal article length and that 
this often forces the description of stalistical analyses to be overly limited, there 
should at least be access to more detailed technical rpports and the actual data 
used in the study along with the protocols for data collection, coding and 
analysis. 

In the same way that consistency of association is required across various 
protocols, conclusions based on a given set of data should be consistent under a 
variety of assumptions (where required to overcome data quality issues) and a 
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variety of contemporary statistical methods. This has not been reported by 
authors in any individual study considered here. Furthermore, we know of nn 
independent reanalyses of the raw data. 

To illustrate this point, we identify below some instances in which choices need 
to be made in statistical analysis. 

Study Size 

Studies must be of reasonable size in order to have power to identify an effect if 
there is one, to guard against possible problems in study quality, and to 
reasonably assert representativeness. Statistical significance should be evaluated in 
conjunction with power: Sandler (1990) and Hole (1989J have very small numbers 
of cases. 

Use of Approximations 

Throughout this report we refer to the relative risk as the measure of interest. In 
retrospective case control studies this is approximated by an odds ratio; if the 
exposure is rare, as is the situation with lung cancer, this provides a close estimate 
of the desired measure (Breslow St Day, 1980; 1986). Corresponding asymptotic 
confidence intervals are very commonly used in the published studies. However, 
this may lead to spurious confidence intervals (Agresti, 1992; Mengersen, 
Tweedie h Biggerstaff, 1994). It is good practice to calculate exact confidence 
intervals whenever possible. 

Multiple Testing 

Because multiple tests on the same data set are not independent, each subsequent 
test should be more stringent. 

Model Description 

In many studies there is insufficient description of the methods used to analyse 
the data obtained. Quite often (e.g. Fontham et al, 1994) adjusted odds ratios were 
derived from a multiple logistic regression in which adjustments were made for 
various factors. Details are rarely provided on the models used and how they 
were actually constructed. The same list of adjusting variables is often used for 
different analyses without justification and with the implicit, but incorrect, 
assumption that one method of adjustment is applicable to all analyses. 
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A model may also be over-described. lienee, although exposure lo ETS is a 
significant part of the model, the data may he quite adequately described without 
it. 

It is also important to be cautious of inferences made on the basis of models 
which are constructed by excluding 'nonsignificant' Motors: such inferences are 
conditional on these exclusions. 

Exposure-Response 

This is an area in which considerable inconsistencies tail be observed between 
the various studies. First a variety of dose-response function types is biologically 
plausible. Possible dose response functions include: 

‘ A step function in which there is no increased risk until a certain 
threshold r>f dosp is reached, at which point there is a jump from unity 
to an elevated relative risk. 

■ Other threshold response in which once a threshold is reached the 
relative risk rises continuously according to some linear, quadratic, 
exponential or similar strictly increasing funclion. 

• No threshold models in which risk smelly increases with every 
increase in dose. Possible functions here include linear, quadratic or 
higher power, exponential and sigmoid. 

The implications of each of the above models fur establishing exposure guidelines 
are quite different. For example, if it were established Jhat there is a threshold 
effect for a dose of ETS and the threshold is estimated to exceed dose levels likely 
to be encountered in a variety of Situations (such as the home or at work) then the 
epidemiological evidence would provide no motivation for restricting exposure. 

Any conclusions about dose response relationships should not simply he a 
reflection about the type of dose response model chosen by the analyst. If a linear 
model is fitted to data which truly have a threshold then it is highly likely that the 
straight line will be judged to provide an adequate fit. However this does not 
prove that the dose response relationship is linear and any interpretations based 
on extrapolation could be quite erroneous This applies also to attributable risk 
estimates based on such models. 

Background Risk 

Correction for 'background' exposure of tile 'unexposed' groups in the ETS 
studies is conducted in some major reviews (e.g. EPA Report, 1992) by increasing 
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the derived overall relative risk estimate by a specified amount- Layard (3992) 
refutes the assumptions on which this 'specified amount' is based, but more 
importantly, emphasises that such an adjustment assumes that there is a causal 
relationship. Like Mantel (1990), he asserts that an evaluation of causality should 
be conducted before such an adjustment is made, and only then is it valid to 
make the adjustment. 

Attributable Risk 

Attributable risk computations, such as those of the EPA Report (1992), the OSHA 
Report (1994) and Clantz and Pannley (1991) are based on a number of 
assumptions, 

Such assumptions should be documented explicitly and validated so that the 
resultant estimates reflect reality. Tweedie (1994), for example, in an open critique 
of the OSHA Report (1994) demonstrates that the attributable risk estimates in that 
document are considerably overstated when compared to Australian statistics. 

Moreover, the estimates are quoted without any indication of their reliability; 
there is no assessment of sensitivity to changes in assumptions, nor any account 
taken of the amount or quality of the data on which they are based. 

Meta-Analysis 

A quantitative assessment of the overall association between exposure to ETS and 
the outcome of interest can be obtained through meta-analysis, which is a 
statistical technique designed to enable combination and comparison of results 
from studies which are comparable in outcome and exposure. 

It is a useful technique to obtain some overall quantitative assessment of the 
association as well as identifying sources of homogeneity and heterogeneity 
between studies- Indeed, this can be an effective method of focusing on 
comparisons of studies and study quality. 

There is considerable debate about the appropriateness and execution of a meta¬ 
analysis, especially with observational data. Fleiss and Gross (1991), Sacks et al. 
(1987), Smith et al. (1992), Feinstein (1989), Thompson (1993) Oakes (1993), Layard 
(1990) and Greenland and Robins (1985), among many others, provide further 
discussion. Important issues that must be addressed include the following: 

!s there a possible publication bias? If so, results should be interpreted 
with caution. 
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Study Quality 


Are the results due lo data dredging? It has been argued that only results 
arising from pre-specified hypotheses should be included. 

Are the study designs comparable? This will influence the assessment of 
confounders and the statistical model- Meta-analysis was originally 
developed for randomised clinical (rials over which there was strong 
concordance of methodology. 

Arc the studies measuring Ihc same outcome? If not, the results may be 
difficult to interpret and apply. 

Are the study populations comparable? Studies should only be combined 
on equivalent populations. 

Is the risk constant over time? [f not, (his should be explicitly taken into 
account in the model. 

Are confounding factors adequately and consistently controlled? If not, a 
meta-analysis should not be conducted. 

Are the raw data subject to misclassification and bias? A meta-analysis is 
not a remedy for poor quality. Models which do not take into account 
problems with design, misclassification or bias can reinforce these 
problems. 

Are the assumptions £>/ the meta-analysis valid ? Dillerent statistical models 
can be employed in a meta-analysis (e.g, Meugersen, Tweedie & 
Biggerstaff, 1994; Biggerstaff, Tweedie & Mengersen, 1994). The trvo 
most common methods, based on a fixed effects and a random effects 
model respectively, make unrealistic assumptions. The technique 
employed ivill influence the outcome and should be explicitly 
described. 
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3. EFFECT OF ETS ON CHILD HEALTH 


3.1. Introduction 


Many environmental factors may contribute independently and interactively to 
tlie development of asthma in childhood (Burney, 1992; Feat et a]., 1994; Seaton et 
al., 1994; Bjorksten et a]., 1984). To date, the most important risk factors that have 
been identified for children having asthmatic symptoms or airway abnormalities 
are allergic sensitisation to common inhaled allergens Such as house-dust mites, 
moulds, pets and pollens (Sears et ah, 1993; Peat et ah, 1993), a family history of 
asthma (Doid et ah, 1992; Aberg, 1993), a serious lower respiratory tract infection 
in infancy (Cogswell et ah, 1982, Weiss et ah, 1985; Voter et ah, 1988) and dietary 
factors (Burney et ah, 1992; Pistelli et ah, 1993, Seaton et ah, 1994). Allergic 
sensitisation is the most important of these. Both breast feeding (Wright et ah, 
1989; Geller-Bemstein et ah, 1987) and dietary fish oil (Ritter et ah, 1988; Peat et 
ah, 1992) may protect children against developing asthma. 

Tire extent to which exposure to ETS is involved in the aetiology of asthma has 
nol been established and the literature is reviewed below. However, the evidence 
which suggests that exposure lo ETS is associated with an increased risk of lower 
respiratory tract infections in infancy also suggests that ETS is not a primary factor 
in asthma causation, bul is more likely to be a secondary modifier for respiratory 
illnesses. It is also unclear whether the factor which is associated with an 
increased risk of respiratory infections in early childhood is exposure to ETS in 
infancy per se or active smoking during pregnancy, which leads to a lower 
birthweight and to narrower airway calibre (Bisgaard et ah, 1987; Frischer et ah, 
1992; Kitchen et ah, 1992). 

In assessing the effects of ETS, it is important that accurate outcome measures are 
used. A major problem here is that there are no practical methods with which to 
measure respiratory infections or symptoms objectively. Thus, questionnaires, 
which can be either parent or interviewer administered, are the only tools 
available. Such methods are more accuiate fur measuring severe illness 
classifies lions such as hospitalisations or confirmed diagnoses (for which false 
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negative Or false positive replies are less likely) than for measuring the presence 
or frequency of more trivial respiratory symptoms such as cough or wheeze, 
which may have occurred years earlier. The use oi questionnaires/interviews to 
obtain data on past respiratory illness and symptoms in children is open to recall 
and reporting bias, because reporting may not be independent of the 
environment; for example, damp and mould in the house or socio-economic 
class, and other possible factors such as respiratory illness and symptoms 
exhibited by the child, or awareness by parents ol potentially adverse 
environmental circumstances, could influence parents' responses. 

Concerns about study quality as outlined in Section 2.2 of this report are relevant 
to the studies included in our assessment of the literature dealing with the health 
of children and ETS. Rarely is a study without at least some flaws; however, we 
have considered about 200 epidemiological studies which we feel are 
representative of the current literature. In sections 3.2,1 ■ 3.2.5, cross-sectional, 
case-control and cohort studies which have examined (he effect of ETS on lower 
respiratory tract infections and on wheeze, asthma and allergy in infants and 
children are reviewed, Studies which have been omitted are those which have 
enrolled only hospiial ur tertiary referral patients and those which have not 
enrolled an appropriate control group so that no general conclusions about the 
effects of HTS can be drawn and those studies based on very small samples. 
Further, the accompanying tables 3,2.1 - 3.2.4 contain both unadjusted and 
(wherever possible) adjusted odds ratios or relative risk ratios Since the impact of 
confounders can be substantial, the unadjusted results should be viewed with 
Caution. 
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Lowo Respiratory Illness in 'Children 


3.2. LOWER RESPIRATORY SYMPTOMS AND ILLNESS 


3.2.1 lower respiratory tract infections in infants 

No standardised methods have been established for measuring Sower respiratory 
tract infections in young infants. In general, the data which have been recorded 
include bronchitis, pneumonia and other non-specific viral and bacterial 
infections, usually requiring treatment by a doctor or admission to a hospital. 
There is evidence that such infections in early life, that are serious enough to 
require medical consultation, are important risk factors for later development of 
airway hyper-responsiveness (AHR) (Weiss et al., 1980; Voter et al., 1988; Peat et 
al., 1992) but the issue of whether they are the first manifestation of asthma or 
whether the resultant inflammation predisposes to later asthma has not been 
resolved. 

Infants exposed to ETS are more likely than those unexposed to be hospitalised 
for a lower respiratory tract infection. The study with the largest sample size 
found an unadjusted odds ratio for hospitalisation for 'bronchitis, bronchiolitis, 
pneumonia or wheezing' of 2.0 (95% C! 1.5,2.8) (Taylor et al., 1987) and other 
studies report similar findings, see Table 3.2.1. The studies conducted in China, 
where tew women smoke, have been important because any measured effect of 
ETS is largely independent of in ulero exposure. Studies conducted in Shanghai 
found an unadjusted risk ratio for children aged 1-6 months exposed to ETS of 2.7 
(95% Cl 1,5,5,0) for being hospitalised for respiratory disease (as defined by ICD 
codes), while for children aged 7-18 months this was reduced to 1.6 (95% Cl 
0,9,2,9) (Chen el at., 1988), but in a later study no significant results were reported 
(Chen et at., 1989). Bnys who had a low birthweight, or who were no! breast-fed, 
were at greater risk. 

Studies from other countries report similar findings for the incidence of 
bronchitis, bronchiolitis and pneumonia with unadjusted odds ratios which range 
from 1.4 (95% Cl 1.0,2.0) to 3.2 (95% Cl 1.4,7.3) (Leeder et al., 1976b; Rylander et 
al., 1993; Pedriera et al., 1985; Colley et al., 1974; McConnachie et at., 1986a). 
These odds ratios are nol adjusted for confounders which may alter the estimates. 
For example, Colley et al. (1974) found an unadjusted odds ratio of 2.5 (95% Cl 
1.6, 3.9) for the risk of respiratory infection in the child's first year if both parents 
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smoked, which reduced to 2 3 (95% Ci 1,4, 3,6) when a single confounder, 
parental history of cough, was taken into account (allowing for other 
confounders could further reduce the odds ratio). 

The risk of infants having non-specific lower respiratory tract infections in the 
presence ot ETS is lower. However, the criteria used to define non-specific lower 
respiratory tract infections have varied widely. Outcome variables that have been 
used include a summative score for respiratory illness (Woodward et al., 1990), a 
lower respiratory tract illness confirmed by a physician according to pre¬ 
determined criteria (Martinez et al., 1988a, Wright et al., 1991), a respiratory tract 
infection recorded by a health visitor (Ogslon et al., 1987), a wheezy chest 
including bronchitis, bronchiolitis and pneumonia (Fergusson et al., 1980; 
Fergusson et al., 1981; Forastiere et al., 1992), and prolonged colds for more than 
two weeks (Burr el al., 1989). One study found no effect on cough in infancy 
(Schenker et a!., 1983). Some of these studies have adjusted for other confounding 
variables. In addition, some studies appear to have demonstrated a dose-response 
effect of ETS but only with respect to unadjusted rates (Colley et al., 1974; 
Fergusson et al., 1981, Chen et al„ 1986; Chen el al., 1988). A study of children 
with a family history of atopy (Burr el al., 1989) found a risk similar in magnitude 
to other studies which have enrolled random samples of children, This suggests 
that atopic children are nol at greater list of serious respiratory tract infections if 
exposed to ETS than non-alopic children. 

3.2.2 lower, respiratory iract infections in children 

Tile effect of ETS on lower respiratory tract infections in children of school age is 
less certain. Table 3.2.2. Although some researchers find a non-significant or a 
small association between ETS and recent cough reported try parents (Weiss et al., 
1980; Lebowitz et al., 1976, Forashere et al., 1992: Park ei al., 1986; Andrae et al., 
1988; Somerville et al., 1988), some others find a stronger relation in older 
children who report their own symptoms (Charlton, 1984). However, in this last 
study, the only symptom to have a significantly increased risk was "a lot of 
coughs . The risk measured may have been affected by measurement error and 
perception in questionnaires answered by a surrogate (usually the mother). When 
salivary cotinine levels were used as a marker, the frequency of recent chest colds 
m 6-7 year olds was increased in exposed subjects with an odds ratio of 1.1 (95% 
Cl 1.0, 1.3) (Strachan et al., 1990). However, exposure was not an important 
determinant of wheeze, cough and sore throal. 
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3.2.3 VVHEEZt IN INFANCY 

Although wheeze in infancy is often the-first indication that asthma may develop 
at a later age, some wheeze may be entirely doe to smaller airway diameter 
rather than to abnormal airway pathology. Children who have low birthweight 
or who are male are more likely to have smaller airways and to develop allergic 
sensitisation in early childhood, are at increased risk for having reduced airway 
calibie (Frischer et ah, 1992; Kitchen et al., 1992; Martinez et ah, 1988b.) and are at 
a greater risk for having wheeze associated with exposure to ETS (Bisgaard et ah, 
1937; Rylander et ah, 1993; Halken et ah, 1991) fTable 3,2.3), although Schenker et 
ah (1983) found no effect. Children with an atopic family history are at increased 
risk for developing wheeze if exposed to ETS (Burr el ah, 1989). 

3.2.4 Wheeze in children 

In children of school age, exposure to ETS was reported to be associated with 
increased frequency of current episodes of wheezing (Somerville et al., 1988; 
Chan et ah, 1969; McConnachie et ah, 1989) and of night cough (Strachan et at., 
1988). Burchfiei et al. (1986) reported an excess of wheeze, asthma and chest colds 
in children of smoking parents but assumed that all children under 15 years old 
were non-smokers. Only 126 oul of 4378 16-19 year olds admitted smoking, a rate 
much lower than might be expected. Ekwo et ah (19S3) repotted an increased 
prevalence of cough and colds with exposure, but not dyspnoea, wheeze or 
sputum ( see also, Neuspeil, 1989). Other studies reported no significant increase 
in the risk of wheeze with exposure to ETS, (Schenker et ah, 1983; McConnochie 
et ah, 1986b; Lebowitz et ah, 1976; Toyoshima el ah, 1987; Tsimoyanis et at., 1987 
and Rylander et at., 1988J, 

3.2.5 ASTHMA 
Allergy 

In most children asthma is associated with sensitisation to common allergens. 
Thus, it is important to establish whether exposure to ETS increases the risk of 
childhood asthma by increasing the risk of children becoming sensitised. One 
study found that infants whose mothers smoke have a cord IgE level at birth that 
was, on average, double the expected value (Magnussen, 1986), but a study in 
Australia failed to confirm this association (Young et ah, 1991). Although IgE 
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mediated responses are an important feature of asthma (Burrows el ah, 1989; Sears 
et ah, 1991), there is no evidence to suggest cord IgE levels al birth may lead to 
later allergic sensitisation and asthma. 

Studies of older children that have used objective outcome measurements of skin 
prick tests and IgE levels, show that exposure to ETS is associated with an 
increase in the risk of being sensitised. In the USA, a study of 12-16 year olds 
found that duldren exposed to El'S were at increased risk of becoming sensitised 
to common allergens (Weiss et al., 1985) and, in Italy, a study of 9 year olds found 
that exposure to ETS was associated with increased IgE levels (Ronchetti et ah, 
1990) and degree of sensitisation (Martinez et ah, 1988; Patmieri et ah, 1990). 
Airway inflammation as a result of respiratory infection may facilitate allergens 
crossing the epithelium of the airways to enable sensitisation and, because boys 
exhibit higher rates of sensitisation than girls In childhood (Peat et ah, 1992, Sears 
at ah, 1993), it has been suggested that they may be more susceptible to the effects 
of ETS. 

Asthma in infancy 

Wheeze is a frequent symptom in infants but only a small percent of children 
who wheeze before the age of 3 years go on to have-reduced lung function and 
clinically important asthma (Martinez et ah, 1988b). Thus, the presence of asthma 
in infants is difficult to diagnose with accuracy. Of the six siudies which have 
.classified asthma in infants as an ‘allergic disorder', or by a direct questionnaire 
response to 'asthma' or repeated episodes of wheeze, four have found no 
influence of U’l 5 (Horwood et ah, 19.85; Chen et at., 1988; Schenker et ah, 1963 
and Dodge, I9S2) and (he remainder have found an increase in risk of asthma if 
the infant is exposed to ETS (Weitzman el ah, 1990; Magnussen, 1986; Arshad et 
ah, 1992; Arshad et al , 1993) (Table 3.2.4). 

Asthma in childhood 

Several studies tiave reported that exposure to ETS is associated with an increased 
incidence (Sherman et ah, 1990) or prevalence (Martinez et ah. 1992; Stern et at.. 
1989, Weiss et at., 1985; Gorlmaker et ah, 1982) of childhood asthma and that ETS 
may trigger acute exacerbations in asthmatic children (Chilmoncyzk et ah, 1993). 
On the other hand, a number of studies found no significant association between 
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exposure to ETS and asthma (O'Connel & Logan, 1974; Leeder et ah, 1976b; 
Dodge, 1982; Schenker et al., 1983; Horwood et al., 1985 and Chen et al., 198S). 

Airway hyper-reactivity (AHR) is an objective marker of airway abnormality 
associated with asthma and is measured by pharmacological challenge, exercise, 
cold air or bronchodilator response. However, because repeated compliance 
with forced expiratory manoeuvres is difficult to obtain from children below 8 
years of age, this measurement is only useful for assessing airway abnormality in 
older children. The response to carbachol was found to be significantly higher in 
male children exposed to ETS and a dose-response effect was demonstrated in 
boys with an odds ratio of 4.2 (95% Cl 1.4,12.9), but not in girls, with an odds 
ratio of 1.5 (95% Cl 0.6,3.8) (Martinez et al., 1988a). 

A study which found that changes in airway calibre (FEF 25 . 75 ) post 
bronchodilator were 4% higher in children exposed to ETS suggested that 
children exposed to ETS may have more reactive airways than those not exposed 
(Ekwo et al., 1983). However, exposed children did not have a higher prevalence 
of wheeze or dyspnoea. In an Australian study, exposure to ETS had no effect on 
AHR to histamine after lower respiratory tract infection in early childhood had 
been taken into account (Peat et al., 1992). This suggests that the association 
between ETS and respiratory infections in early life may account for the 
subsequent association with AHR. 

3.2.6 consistency 

Although the odds ratios/risk ratios for respiratory infections, wheeze and 
diagnosed asthma are small, estimation of their magnitude has been fairly 
consistent across some studies; nevertheless caution must be exercised because 
confounders may account for much 0 / the association and a number of studies 
have failed to show any significant effects. Studies which have measured Severe 
conditions, such as hospitalisations or diagnosed infections, show with 
reasonable consistency that exposure to ETS increases the risk of infections in 
infancy. There is some evidence that some subgroups ( low birthweight infants, 
especially boys, atopic children and babies who are not breastfed) may be at 
increased risk from the effects of ETS. Results regarding older children are 
inconsistent and indeed any effects appear to dissipate with age (e g. Colley et al., 
1974). Alternatively, these associations may reflect the influence of smoking 

during pregnancy. 
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3.2.7 CONFOUNDERS 

Because ETS is not the only factor which is involved either directly or indirectly 
in the aetiology of asthma, it is important that other factors (confounders) are 
i taken into account. When the effect of ETS is estimated using multivariate models, 
the association with respiratory illness or symptoms is generally reduced (see 
Tables 3.2.1 to 3.2.4). 

The most important risk factor for childhood asthma is sensitisation to common 
allergens (Sears et al., 1993; Peat el al., 1993) and many other factors related to 
housing conditions may be surrogates for allergen exposure. Strachan (1988) 
showed that the odds ratio between mould visible in the home and wheeze, 
adjusted for housing tenure, numbei ot smokers in the household, number of 
people per room and gas cooking, was 3.0 (95% Cl 1.7,5.3). In addition, both 
genetic factors and age are important in the development of asthma. Several of 
the reviewed studies show that children of parents with a history of asthma or 
bronchitis have increased rates of respiratory illness (Colley et al., 1974; Ekwo et 
al., 1983; Burchfiel et al., 1986; Pedreira et al., 1985; Ferris et al., 1985) and other 
studies show an association between age and wheeze (Martinez et al., 1988b: Peat 
et al., 1992). Charlton (1984) found that the risk ratio for frequent cough changed 
from 1.6 (95% Cl 1.3,2.0) for girls under 11 years old to 1.0 (95% Cl 0.6,16) for 
boys older than 14 years. 

Socio-economic status (SES) is another important factor in the aetiology of asthma. 
There is evidence that children of parents with a low SES or with a less 
'westernised' lifestyle are less susceptible to allergic respiratory illnesses but are at 
greater risk of serious respiratory tract infections such as bronchitis (Veale et al., 
1991; von Mutius et al., 1993), whereas children with a high SES or a more 
'westernised' lifestyle are at greater risk lor allergic disorders, including asthma 
(von Mutius et at., 1993; Burney, 1992). Although SES is rarely taken into 
consideration, Schenker et at. (1983) reported that SES had a significant effect on 
symptoms and Bisgaard et ai. (1987), showed that the odds ratio (or wheeze 
associated with SES, went from 2 2 for SES class 0-4 down to 0.7 for 5ES class 13. 
Martinez et al. (1992) showed that there was no association between maternal 
smoking and tile incidence of asthma in children of mothers with more than l? 
years education. 

Other important confounders for allergic and respiratory disorders in early 
childhood are low birthweight, which is associated with smaller lungs and 
consequently with narrow airway calibre (fnscher et al., 1992, Kitchen et at.. 
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1992), regular daycare, which increases rates of lower respiratory tract infections 
and early wheeze (Bisgaard et al., 1987), and breastfeeding which protects against 
early respiratory illness (Wright et al., 1989a; Geller-Bemstein et al., 1987). 

3.2.8 Concluding remarks on lower respiratory illness 

Although the results are not entirely consistent, it can be inferred that exposure to 
ETS is associated with an increased risk of lower respiratory tract infections in 
infants, but causation as defined earlier has not been demonstrated. ETS is 
unlikely to be a primary factor in asthma causation, but may be a secondary 
modifier for respiratory illnesses. Other confounders may also be important risk 
factors. It is unclear whether the important factor is exposure to ETS in infancy per 
se or active smoking during pregnancy, which leads to a lower birthweight and 
to narrower airway calibre. The situation with respect to older children is 
unresolved. 
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Summary of effects of ETS on lototr respiratory tract infections in children 


Author 

Journal 

Year 

Country 

Age 

N 

Outcome 

Unadj. ORJRR 

Adi ORJRR - 

Charlton 

BMJ 

1984 

UK 

8-19 

15709 

Frequent cough 

1.5 (| 3,1.6) 

10 (Q-7,i4):beys2l4yr$ 
1-6(132-0):girls< 11 yrs 

Park a al 

Yenisei Med f 

1986 

Korea 

0-14 

3651 

Recent cough 

1.9 (1.32.9) 

1.7 (1.222) 

Andrae rf al 

Arch DEs Child 

1988 

Sweden 

0-16 

4990 

Prolonged 

cough 

unavailable 

1.3 (1.1,1.6} 

Somerville et a( 

IECH 

1988 

UK 

5-11 

5103 

Cough 

14 (14,14) 

12 (l-U4)20dgs/day 

Forastiere ft si 

IntFEpid 

1992 

Italy 

7-11 

2929 

Chest illness 

1.0 (0.9,12) 

1.0 (07. 1-3) 

Sira chan et al 

Am Rev Resp 

Dts 

1990 

UK 

6-7 

770 

Chest colds 

1.1 (1.6,12) 

unavailable 
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Summary of effects of ETS on the presence of roheeze iw infants and children 


Author 

journal 

Year 

Country 

4S‘ 

N 

Outcemf 

llnadj ORJRR 

Adj ORJRR 

infants 







■ -- 


Bcgaard et at 

Acta P«d Scand 

1986 

Denmark 

1 yr 

5923 

Wheeze at 1 yr 

3L7». 8.4-0) 

unavailable 

Martinez ft al 

N^w Eng J Med 

198S 

USA 

1 yr 

124 

LR1 with 

wheeze 

unavailable 

13 (0.429) 

Rylander el al 

Eur J Epid 

1993 

Sweden 

CM 

550 

Severe wheeze 

2.6 (1.4,4.8)il8moriS 

1.5 (0.7,3-2): :> IS mons 

Haiken et at 

Allergy 

1991 

Denmark 

lyr 

Z76 

Recurrent 

wheeze 

24 f 1.22.9) 

unavailable 

Burr ei al 

Children 

J Ep i Conun 
Health 

1989 

UK 

l yr 

519 

Wheeze 

15(16.34) 

1.61(1.0.2-5) 

Ekwo et d 

Che* 

1983 

USA 

6-12 

1138 

Wheeze with 

coWs 

1.3 (1.0,14) 

unavailable 

Somerville ei al 

) Epi Comm 

Health 

1988 

UK 

5-11 

5103 

Wheeze most 

days 

14 (1.32.3) 

1.6 (1.22.2):20c«gs/day 

Strachan el al 

BM] 

1988 

UK 

6-7 

m 

Night cough 

2.2 0.4.3 3) 

ETS confoumier only m 
Study of mould 

NeuspieJ et a) 

Am I Pub 

Health 

1989 

UK 

OJO 

9670 

Wheezy 

brOnchibs 

1.4 fl.2.1-7> 

1.3 (i.a.i.7):i-fc-.e>/d.u- 
1 5 

Ou/i rf al 

Arch Oi5 Child 

1989 

UK 


221 

Wheeze 

17 (0 7.4.2);relerence 

set 

2-9 (1.2.6.6):!ow hirthwt 

3 4 (l.l.10.2):iow 

huthw. 

Burch fiel ei al 

Am Rev Resp 

De 

1986 

USA 

0-19 

3-482 

Wheeze 

unavailable 

15 fl.l.Z.0):males 

1.6 (1.2.2.1 ): females 

McCunnachic et 

al 

AifasY 

I’ed 

Pulmonology 

1989 

USA 

□ 

1S3 

Wheeze 

15 (l 2.5.3) 

era vail able 

Weiss et oi 

Am Rev Resp 

Dtt 

1985 

USA 

12-16 

137 

Skin pnek tests 

2.2: P-value<0.02 

unavailable 

Ronchetti ft al 

J Allergy Clin 

I mm 

1990 

Italy 

9 

159 

Serum 

eosinophils 

6.1 (0.725 J) 

unavailable 

Martinez et al 

Am Rev Respir 

On 

1988 

Italy 

9 

166 

Skin prick tests 

R=0.3, PO.Ol 

unavailable 

Palmien ft ai 

Eur I Pediatr 

1990 

Italy 

1-2 

735 

Skin prick tests 

some significant effects: 
age < 6 yrs 

unavailable 
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3.3. lung Function in Children 


Forty six papers on lung /unction in children form the basis of this report (Table 
3.3.1); these papers are included in the References. All but four of the studies deal 
with children of school age or older This is to be expected, given the difficulties 
that children have in performing respiratory manoeuvres for spirometric tests. 
However, some studies include children under 7 or 8 years old. As a 
consequence of these difficulties and the variability of the measurements, the data 
analysed are typically the 'best' of three or five tests or the average of the 'best' 
three or five tests. 

The most common lung function da la obtained were Forced Vital Capacity (FVC) 
measurements which were used to derive FEV| or. in some studies, FEV 0 . 7 S 
(forced expiratory volume in one 1.0 or 0.75 second) and FEF 25-75 (airflow 
between 25% and 75% of FVC) and, to a lesser extent, Vmaxso (airflow at 50% of 
FVC). Other values were derived and used occasionally, but in fact so rarely that 
no worthwhile conclusions could be inferred. Our comments are for the most 
part tn regard to FEV 1 , FEF 25-75 and, lo a lesser extent, FVC and Vmaxjo- 

Before commenting on the results of the studies a few points need to be made. 
There are no perfect studies lo date. Indeed some of those reviewed in this section 
are seriously flawed; their limitations are discussed later in the section. Clearly, if 
the sample or subjects are not randomly selected, or are not representative of any 
particular population, then inferring conclusions to a broader group than those 
studied is questionable. Also, non-response, refusal to participate, as welt as the 
withdrawal of subjects during a study may bias the results, The measurement of 
exposure to ETS varied greatly between the studies; the most common indices 
were maternal smoking only, paternal smoking only, both parents smoking, 
number of cigarettes per day, and heavy smoker versus light smoker. In addition, 
current smoking status of parents is used frequently as a surrogate for past 
exposure to ETS. Location (that is, country of study, rural or urban, suburban or 
industrial) is a variable that may have an effect due to different exposures,' 
different cultures and customs, availability of medical help and other social 
factors. The almost universal use of questionnaires/interviews to obtain data on 



Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 



PM3003531215 


Health Effects 0/ ETS 


Independent Working Croup 


r unction in Children 


past respiratory illness and symptoms of children is open to recall and reporting 
bias. 

There is considerable variation in the results of the studies which could be due to 
study design, sampling strategies such as selective sampling, statistical methods, 
measurement of exposure to ETS, reporting biases, recall bias, and small sample 
Size; studies with such flaws are noted in Table 3.3.1. Also, definitions of disease 
and the effects of various confounders, including ETS, the source of which is 
usually parental smoking (almost always maternal), can result in variation 
between studies. Some of the studies do not consider socio-economic status of the 
parents as a factor; this is known to be an important indicator of poor health and 
high risk lifestyle (Mathers, 1994). 

In many studies ETS is not the most important risk factor in terms of magnitude 
or statistical significance. In fact, when multivariate analyses are used which 
incorporate many of the above-mentioned factors, passive smoking can be shown 
not to be a significant factor, as is exemplified in the details of the results of the 
studies given below. 

In general, all the lung function measurements were adjusted for age, height and 
sex, and sometimes weight. These factors appear to account for much of the 
variation in lung function. For the studies of school children, FEVj (or percent 
predicted) was reported significantly reduced in 21 studies; these are indicated in 
Table 3,3.1. The reported (significant) reductions in lung function were variable, 
but were generally small. Ware et al. (19S4) reported an FEVj reduction of less 
than 1%, Forastiere et al. (1994) reported 1.6% and Burchfie! et al. (1936), reported 
about 5%. Significant reductions were also reported by Yarnell et al. (1979), but 
for heavy smokers only, and Chen et al. (1986b) for girls only. FVC was reported 
to have changed significantly in 11 studies (see Table 3.3.1); once again the 
changes were small. 

A reduction in FEF 25-75 was reported in 15 studies (see Table 3.3-1), but again the 
results were mixed; Rona et al. (1993) and Martinez et al. (1992) were for boys 
only, Tashkin et al. (1984) for girls 12 years or older only, and Vedal et al. (1984) 
for girls only. Change in FEFso/Vmaxso was reported to be significant in 3 
studies. Similar to the FEVj results, the magnitude of the changes in FEF 25-75 and 
FEFso/Vmaxso were generally small but more variable; for example, Forastiere et 
al. (1994) reported 3.6% and Martinez et al. (1992) reported 10% for boys, 
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Almost al! of the significant results relate 10 maternal smoking. 

Numerous tests were often performed on the same data; this affects the overall 'p- 
value', and many of the tests are not independent. For example, Strachan et al. 
(1990) considered 12 measures of pulmonary function most of which were 
dependent. 

Generally speaking, any observed effects seem to disappear or at least dissipate 
with age. The possibility of active smoking is of concern with older children. 
Further, some results do appear to vary with age between the sexes; for example, 
Tashkin et al. (1984) reported that only young {<12 years old) males had 
significantly reduced lung function, white only older {>12 years old) females had 
significantly reduced lung function. 

Other risk factors were significant and may account fur much 0 / any observed 
effect. The history of the child's respiratory illness or symptoms was reported by 
Berkey et al. (1986) to be significantly associated with lower FEVj; potential risk 
factors like this are often not considered in a study. Similarly, Martinez et al. 
(1992) showed that maternal education is an important confounding effect and is 
independent of maternal smoking; many such confounders or alternative risk 
factors are related to socio-economic status. 

A number of studies were longitudinal and formed a specific 'set'; in particular, 
the 'Tucson Study' (Lebowitz et al., 1962; I984a.b; 1987a,b; Martinez ct a!., 1992), 
which reported very few significant resulls due to EPS. while the 'East Boston 
Studies' (Tager et al., 1976; 1979; 1983; O'Connor et ai., 1987; Sherman ct al., 1990; 
Weiss et ai., 1980) and tire 'Six Cities Study' (Berkey et al., 1986; Ferris et al., 1985; 
Ware et al., 1994; Speizer et al., 1980), reported some significant results. The 
differences between these studies could be partially explained by variations in 
climate, geography and population mixes. 

Studies by Tager et al. (1993), Hanrahan el al. (1992), Stern et al. (1989) and 
Cunningham et al. (1994) consider the effects of pie- and/or post-natal exposure to 
ETS (essentially maternal smoking) in very young children. Smoking during 
pregnancy and early occurrence of wheeze were shown to have a significant 
effect on lung function in Tager et al (1993). Hanrahan et al. (1992) showed that 
no differences in pulmonary function were evident among infants exposed and 
unexposed to ETS in the home, after allowing for pre-natal exposure. Stern et a). 
(1989) estimated a decrement in FEVj of 1% due to smoking during pregnancy 


35 


Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 



PM3003531216 


Health tj/ecls of ET5 


! i -' ,< i ji-.a or. in Children 


Independent Working Group 


and of 07% with smoking exposure in the first 2 years of life, and observed no 
effect on FVC. Cunningham el ai. (199'1) reported that after adjusting for maternal 
smoking during pregnancy, current maternal smoking status was not associated 
with a significant decrease in any lung function measure. Smoking during 
pregnancy is revealed to be an important risk factor in most studies, but it is 
difficult to account for especially since it is commonly assumed that mothers who 
smoke during pregnancy continue to do so after the birth. 

In conclusion, the studies to date display a mixed set of results, with some 
inconsistencies, concerning the effects of ETS on lung function in children. 
Generally, the effects are small and of the same order as the variation observed in 
duplicate testing of individuals (see, for example, Dijkstra et at., 1990). Also, the 
potential for confounders to account for much of any observed differences cannot 
be ignored- 
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Tdbte .1.3.1 Cung function studies 


A uth ors 

Effect 

A l ilh<yr 

Effect 

Rona £[ a). (J993) 

C ■ 

Hiissefblad ci al. (1981) 

a 

Spinaci et ai. (1985) 

a 

cr al. (i9H4bj 


Tcculescu ci al. U98G) 

a 

Tager et al. (1933) 

fi. c 

Guesncr cl ai (1 QQi) 

a. b. c 

TashLin ci al. 0984) 

c* 

Yamcll cl al. (1979) 

a. C 

Vestal et al. (1934) 

b. c* 

Tjger et al. (1976) 

a 

1-eboivilz al. (19876J 

6 

Lcbowiti ct aJ. (1982) 

Lebowlu ci aJ (iVSJaj 


Kauflmann et al. (1989) 

Chan ei al. (1989b) + 

a. b, C 

Lcbowiiz cl al. {1987a) 


DijUir* ei aJ, (1990V* 

a 

Murray ei a). (1956)* 

3. C 

Siiiivhan u ai (1990) 

c 

Cnok et al (1993) 

a. b 

e( al. (198-M 

a 

Casale ei ai. (1991) 

b 

Leeder cr aJ. (J976 j) 


forasdeic cr ai. (1994) 

J. c 

Qicii ct al. (I9«6b) f 

n' 

Burchfeil et al. (1986) 

a. t> 

Tagi’r et al. (1979) 


Evans et al (1987) 


Weiss ei ai. (19*0) 

c 

Munay el a!. {1989)* 

». c 

Ts/nioyianis et af. (19S7 


O'Connor ei al. (1987) 

a, b. c 

Schilling er aJ. (1977)* 


Sbentian el al. (19901* 


Speirer ei aJ- (1980) 

b 

Oldigs ei al. (I991l + 


Dudge (1983)* 

a 

Mar [Inez el al. (1992) + 

b*. c“ 

Tager « al. (1993) 


Hotkey et ai- (1986) 
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Hanrahan tt al, (1992) 


EJos-oel at. (1983)*- 

a. c 

Stem et a) (I9B9) 


Ferris ei al. (1985) 

a. b 

Cunningham et al (1994)' 



Significant reduction. 1 ; are coded as: * = P£V], 6 = KVC, c - FEF25-75 
Studies with noiabte design flaws are indieaied by * 

An ■ indicates significant results tor girls only or boys on/y. 
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3.4. Upper Respiratory Tract Infection 


A wide variety of outcomes are considered to indicate Upper Respirator)' Illness 
(URI) in children, including otitis media (OM); (Teele et a]., 1989; Takasaka, 1990), 
OM with effusion (Hinton, 1989; Barr & Coatesworth, 1991), recurrent OM (Tainip 
et at, 1988; Rowe-Jones Sz Brookbank, 1992), acute OM (Pukander et al., 1985), 
middle ear infection (Flemming et al., 1987), middle ear effusion (Kraemer et al., 
1983; Iverson et al., 1985; Reed & Lutz, 1988; Strachan et al., 1989; Etzel et al., 
1992), tonsillectomy and adenoidectomy (Said et al., 1978), gtue ear (Black, 1985), 
sore throats (Willatt,'1986) and snoring (Corbo etal., 19S9). 

Many of these papers have such serious flaws with regard to the study design 
and/or analytical methodology, that we consider their conclusions to be 
equivocal at best- 

Problems include; 

• Highly selective sampling, so that it is impossible to judge how 
representative the sample is (Iverson et al., 1985; Willatt, 1986; Reed & 
Lutz, 1988; Corbo et al., 1989; Hinton, 1989; Etzel et al., 1992). 

• Recall bias from retrospective questions or surrogate respondents (Said et 
a!., 1978; Willatt. 1986; Reed & Lutz, 1988). 

• Poor analytical methodology (such as no multivariate analyses or logistic 
regressions) (Kraemer et al., 1983; Willatt, 1986; Reed & Lutz, 1988; 
Hinton, 1989; Etzel et al., 1992). 

• Low response rate - 45% in the case of Read and Lutz (1988). 

• No serious attempt to allow for confounders such as socio-economic 
class, or parental/sibling history of disease (Said et al., 1978; Kraemer et 
al„ 1983; Iverson el al., 1985; Corbo et a!., 1989; Hinton, 1939). 

• Poorly presented results with no data or summary tables (Takasaka, 1990). 

• Data adequately explained without reference to passive smoking factors 
(Iverson et al., 1985; Corbo et al., 1989). 

• Bias from aims of the study being made known to the participating 
children/parents (Barr 8c Coatesworth, J99I). Incidentally this last paper 
reports no significant effects of passive smoking. 
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Although parental smoking was determined to have a deleterious effect on 
chronic middle ear disease tn univariate analyses (those not allowing for possible 
confounding effects) in Black (1985), Pukander et al. (1985), Flemming et al. (1987), 
Tainio et al. (1988), Strachan ct al. (1989), and Teele et a). (1989), multivariate 
analyses (those allowing for confounders) revealed no significant effects of 
passive smoking (Flemming et al., 1987; Tainio et al., 1988; Teele et al., 1989), or a 
marginally significant effect of passive smoking (Black, 1985; Strachan et al., 
1989). 

However, significant effects included: 

• day-care attendance (Black, 19S5; Flemming el al., 1987; Tainio et a!., 
1988); 

• child’s age (Flemming el al., 1987; T eele et al, 1SS9), 

• crowding among younger iTiildion (Flemming et al., 1987; Tainio et a)., 
1988), 

• Occurrence of child's own atopic disease (Tainio et al.. 1988); 

• child's gender (Teele el al., 1989); 

• sibling history' of ear infection (Black, 1985; Teele et al, 1939); 

• breastfeeding (Teele et ai., 1989); 

• working mother with non-manual working father (Black, 1985); 

• unsealed home healing (Black, 1985); 

• older sibling only (Black, 1985); 

• being bom in Oxfordshire (Black, 1985). 

No multivariate analyses were carried out by Pukander et al. (1985). Rowe-Jones 
and Brookbank (1992) found no significant associations between passive smoking 
and ear grommet insertion, sibling history of tympanostomy tube insertion, 
tonsillectomy or adenoidectomy. 

Overall, passive smoking, if it has a deleterious effect on middle ear disease, 
results in only a small increase in risk, is not the only risk factor and is probably 
not the most important. Other factors, such as day-care attendance and crowding, 
appear more important. In Flemming et al. (1987) the odds latio for day-tare 
attendance was 3.2 (957„ Cl 1.4, 7.2) and for crowding 3.4 (95% C.I. 1.3, 8,6), 
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with maternal smoking being not significant. Similarly, Tainio et ai. (1988) gave 
relative risks of 1.9 (95% C.I. 1.1. 3.2) for day-care attendance and 2.1 (95% C.I. 
1.3, 33) for crowding, with ETS exposure again being not significant. 
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3.5. Sudden Infant death Synorome 


Sudden infant death syndrome (SIDS) accounts for about 40% of all postneonatal 
infant mortality in developed countries (Hoffman & Hillman, 1992). The most 
recent definition of SrDS and the one currently in use in scientific research in the 
United 5tates is "The sudden death of art infant under 1 year of age which remains 
unexplained after a thorough case investigation, including performance of a 
complete autopsy, examination of the death scene, and review of the clinical 
history" (Hotfman Hillman, (992). 

Risk factors Inr SIDS include low hirthweight (less than 2500 grams) of infant (l,i 
& Baling, 1991; Malloy et al., 19S8, Mitchell et at., 1991, Nicholl & O'Calhain, 
1989; Rinlah.ika & Hirvonen, 1986: bvhuendorf & Kiely, 1992; Steele & 
Langworth, 1966), maternal smoking (Bergman Wiesner, 1976; Haglund & 
Cnattingius, 1990; Li k Baling, 1991; Malloy e( at., 1992; Mitchell et a)., 1992; 
Mitchell et a!., 1993b; Rintahaka k Hirvonen, 1986: Schoendorf k Kiely, 1992, 
Scragg et ah, 1993; Steele Si Langworth, 1966), mother young (less than 20 years 
old) (Haglund k Cnattingius, 1990; Mitchell et a 1, 1992; Naeye et al., 1976; 
Rintahaka & Hirvonen, 1986; Steele & Langworth, 1966), unmarried (Li & Baling, 
1991; Mitchell et a!., 1992), of low socioeconomic status (Mitchell et aL, 1992; 
Rintahaka £t Hirvonen, 1986), with high parity (Haglund & Cnattingius, 199 0, Li 
& Daling, 1991), not breastfeeding (Mitchell et al., 1992; Mitchell et al., 1993b; 
Steele & Langworth, 1966) and with few prenatal clinic visits (Li <St Daling, 1991; 
Rintahaka & Hirvonen. 1986; Steele & Langworth, 1966). infant male (Haglund & 
Cnattingius, 1990; Naeye ct at., 1976), sleeping prone (Fleming et al., 1990; 
Mitchell et ah, 1992; Ponsonby et ah, 1993), bed sharing (Mitchell et al., 1992; 
Scragg et a!., 1993) and overheating (Fleming el al.. 1990; Ponsonby et al., 1993) 
and smoking by household members other than the infant's mother (Mitchell et 
al., 1993b). 

SIDS rates have been shown to vary with race/ethnicity (Bulterys, 1990; Irwin et 
al., 1992, Mitchell et at., 1993a; VandenBetg, 1985), season of the year (Anderson 
et al., 1993, Mitchell et al., 1991) and geographical area (Anderson et al., 1993; 
Mitchell et at., 1991). Several substantial studies have failed to detect an 
association between SJDS and some of the above risk factors; for example, low 
birthweighr of infant (Bartholomew et al , 1987), maternal smoking (Bartholomew 
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et al„ 1987; Wierenga et aL, 1990) and smoking by household members other than 
the infant's mother (Schoendorf & Kiely, 1992), 

Some factors which have been investigated but shown not to be significant risk 
factors for SIDS include vaccination of infants (Byard, 1991; Sivan et al., 1992), 
genetic traits (Shannon & Kelly, 1982) and infections (Fleming et al., 1992; 
Rintahaka 4 Hirvonen, 1986). Respiratory and gastro-intestinal infections are 
common in infants and, in SIDS, cases may be contributory factors in the death, 
but not causal (Byard, 1994). 

Maternal smoking usually has an estimated odds ratio (OR) for SIDS of about 2 
(Haglund, 1993; Malloy et al., 1988; Mitchell et al., 1993b; VandenBerg, 1985), but 
typically is not the risk factor with largest OR for SIDS. Two examples of ordered 
OR's are: i) from VandenBerg (1985), low birthweight (OR= 2.5), maternal 
smoking (OR= 2.1), mother Maori (OR=2.0) and n) from Mitchell et al. (1992), 
infant sleeping prone (OR=4.8), bed sharing (OR= 2.0), mother not breastfeeding 
(OR=l,9), maternal smoking (OR= 1.8). 

In addition to having been shown to be significant risk factors for SIDS, maternal 
smoking during pregnancy and low birthweight of infants have repeatedly been 
shown to be associated (Haglund & Cnattingius, 1990; Hoffman et at., 1988; Li fir 
Dating, 1991; Malloy et al., 1988; Mitchell et al., 1993a; Rintahaka & Hirvonen, 
1986; VandenBerg, 1985). However, some studies failed to detect an association 
between the two risk factors and were unable to establish that either was a 
significant risk factor for SIDS (see, for example, Bartholomew et al., 1987). 
Several studies have indicated that maternal smoking during pregnancy persisted 
as a significant risk factor for SIDS after birthweight had been taken into account 
(Haglund & Cnattingius, 1990; Malloy et ah, 1988; Mitchell et al., 1991; Mitchell et 
al., 1992). 

Schoendorf and Kiely (1992) reported a significantly increased risk for SIDS from 
passive smoking after birth and an even greater risk if the mother smoked both 
during and after pregnancy. 

Haglund and Cnattingius (1990) observed that infants born to women who 
smoked during pregnancy died earlier with SIDS than infants of nonsmokers. 
However, this observation was not confirmed by either of two large US studies 
(Hoffman et al, 1988; MalJoy et al, 1992), 

Several studies have, concluded that a dose-response relationship exists between 
maternal smoking and the risk of SiDS (Haglund fit. Cnattingius, 1990; Malloy et 
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al, 1992; Mitchell et al, 1992), though a substantial US study (Hoffman, et al., 
|1988), while observing significantly elevated risks for SIDS in infants of smoking 
mothers, failed to detect a dose-response relationship. Despite some conclusions 
which him al a causal link (Milrhell Ht al. 1992; Mitchell et al., 1993a), a causal 
relationship has not been established between SIDS ami either maternal smoking 
during pregnancy or after the birth. 

Theories about causes of SIDS include defective respiratory function (Byard, 1991; 
Milerad fit Sundell, 1993), while there are conflicting views about a possible 
cardiac cause for SiDS (Byard, 1991; Keens, 1990). Airway obstruction due to 
anatomical or physiological defects resulting in obstructive apnoea has been 
suggested as a possible mechanism of SIDS (Byard, 1991). A study by Nicholl and 
O'Cathain (1989) concluded that there are a number of different causes of SIDS 
and that these causes have different distributions for age at death associated with 
them. The recent dramatic reduction in the SIDS rale in Australia has been 
attributed to mothers heeding the advice not to put babies to sleep in the prone 
position (Ponsonby et at., 1993). 
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3.6. CONCLUSION 


The effects of ETS on the health of children is difficult to separate from 
confounders such as age, family history, genetic predisposition, living conditions, 
smoking during pregnancy and breastfeeding. The multifactorial nature of the 
illnesses and the general nature of many of the symptoms complicates 
interpretation of the data. Ar\ assessment of published results is particularly 
complicated due to: the variety of outcomes measured for a given illness, data 
often being derived from parental self-administered questionnaires requiring 
parents to recall past illnesses and symptoms in children, and the effects of 
confounders mentioned above- For infants, particularly those under two years of 
age, there would appear to be a small increased risk of lower respiratory illness 
or symptoms, allowing for confounders. For older children, however, generally 
the risk dissipates with age or disappears altogether. 

The changes in lung function associated with ETS are small and not consistent, 
further, the clinical significance of such observed small reductions in lung 
function has not been addressed. The effects of ETS on the lung function of 
children require further investigation. 

The studies dealing with upper respiratory infection exhibit inconsistent and 
inconclusive results. ETS, if it has a deleterious effect at all, results in only a small 
increase in risk, and is not the only risk factor and likely not the most important. 

An association between exposure to ETS and SIDS has been observed, but there 
are a number of other risk factors for SIDS which appear to be more important. 
The most prominent of these are.' prone sleeping position, low birthweight, 
maternal smoking during pregnancy and low socioeconomic status of the 
mother. 

Very few studies have adequately accounted for the effects of mother's smoking 
during pregnancy; those which have show that this is a major and occasionally 
the only significant factor influencing respiratory illness (lower and upper) and 
lung function. 


44 



ftrcj’rrM/ory DijfoJi.' 


4. EFFECT OF ETS ON ADULT HEALTH 


4.1. PASSIVE SMOKING AND N ON-MALIGN ANT RESPIRATORY 
DISEASES 


4.1.1 HEALTHY SUBJECTS 

Active smoking alters pulmonary function in susceptible individuals by al least 
two independent mechanisms: 

(i) by progressive narrowing of predominantly peripheral air passages leading 
to chronic airflow limitation and 

(it) enlargement of alveolar air spaces with eventual destruction or loss of the 
walls of alveolae leading to a loss uf surface area available for gas 
exchange (emphysema). 

On average, smokers have an accelerated loss of function compared with healthy 
non-smokers, but the rates of decline are highly variable suggesting that not all 
smokers are susceptible (Fletcher & Peto. 1978). Both cross-sectional and 
longitudinal studies indicate that the mean annual rate of decline of lung function 
for smokers increases with amount smoked, but the difference in slope between 
smokers of 10 cigarettes daily or fewer and non-smokers is small (Feat, Woolcock 
& Cullen, 1990). Approximately 15% of smokers develop disabling chronic 
airflow limitation within their lifetime (Fletcher & Feto, 1978; for review see 
Report of the Surgpon General, 1986) However, Peat and coworkers (1990) 
reported from the Dussetton survey, Western Australia, that 24% of male smokers 
and 13% of female smokers had chronic airflow limitation (defined as FEVp less 
than 65% predicted} compared with 5% and 8% for male and female non-smokers 
(presumably asthmatic). 

Given that cigarette smoking is accepted as a major cause of pulmonary 
impairment in otherwise healthy individuals, a number of authorities expressed 
concern that exposure to environmental tobacco smoke (ETS) might also be 
injurious to the pulmonary function of the general population. Any such effect 
would be expected to be very small in population studies based on the limited 
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"dose" response data available in the literature. However, it has been argued that 
some subjects may be especially susceptible through some form of inherited or 
acquired predisposition. Asthmatics are known to be sensitive to a wide range of 
environmental exposures and have been regarded as a group at special risk. 
Studies relevant to asthmatics are reviewed in Section 4.1.2. 

In this section experimental studies of the effects of acute exposure to ETS on 
healthy subjects are reviewed. A review of epidemiological studies of possible 
long-term effects of exposure to ETS follows. 

Acute exposure and lung function 

The first detailed study of the effects of acute exposure to ETS appears to have 
been performed by Finun, Silverman and Shephard (1973) and is often quoted as 
showing a small deleterious effect (e.g. NH & MKC, 1986). Twenty healthy 
young volunteers (lifetime non-smokers) were exposed in an environmental 
chamber for 2 hours to ETS ''comparable to that encountered in rooms heavily 
polluted with smoke" (carbon monoxide [CO) concentration 24 ppm, particulates 
> 4 mg/m 3 ). Most subjects found the experience unpleasant. Measurements of 
Spirometry were performed every 30 minutes during exposure and for I hour 
after exposure (i.e. 7 tests, with 4 variables reported). Lung volumes were 
measured 3 times (4 variables). Males and females were analysed separately. 
Although 80 paired t-tests were performed, a significance level of 0-05 was used. 

There was no change in FEVj, FVC or forced expiratory flow at 50% of VC (FEE 
50) in either group, In both groups 1 out of 7 of the measurements of forced 
expiratory flow at 25% vital capacity (FEE 25) showed a significant decline at the 
0.05 level (at 90 minutes exposure in males and at 60 minutes post-exposure in the 
females). If an appropriate correction for the number of t-tests had been used, 
these changes would have been disregarded as due to chance. 

More recently a number of groups have conducted similar experiments 
comparing the responses of asthmatics and healthy non-smokers (Dahms et ah, 
1981; Menon et ah, 1992; Magnussen et ah, 1992; Jiirres & Magnussen, 1992; 
Danuser et ah, 1993). With the use of appropriate statistical methods these studies 
have shown no significant effects on airway function In control subjects and 
variable effects in asthmatic subjects (see Section 4.1.2 for details). 
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Conclusion 

Although there is reasonable evidence in the literature that active smoking of just 
1 cigarette can produce changes in airway resistance (e.g. Nadel & Comroe, 
1961), there is no evidence that acute exposure to high levels of ETS for periods of 
up to 2 hours causes a detectable change in airway function in healthy subjects 
(for asthmatics see Section 4.1.2). 

Chronic exposure and lung function 

The evolution of chronic airflow limitation in susceptible active smokers typically 
takes 20-40 years. Thus it is reasonable to postulate that chronic exposure to ETS 
might result in some impairment of pulmonary function in extremely susceptible 
Individuals. Asthmatics are considered separately in Section 4.1.2. The other 
Subgroup potentially at risk comprises those with an inherited deficiency of 
alpha-l-antiprotease, an enzyme which degrades other enzymes responsible for 
digesting elastin thereby protecting the iung from excessive damage during 
inflammatory processes. Such individuals develop disabling emphysema and 
airflow obstruction prematurely if they are active smokers but non-smokers may 
reach a normal life-expectancy without significant pulmonary disability. The 
prevalence of this condition in the community is so low that studies of the 
possible effects of passive smoking have not been attempted. 

A number of studies of varied design have been conducted in an attempt to 
address the question of whether prolonged exposure to ETS can result in 
pulmonary impairment in otherwise healthy individuals. The results and 
Conclusions have been conflicting and the reported effects have been small and 
inconsistent. Much has been written about limitations in study design and 
methodology. Major problems have included reporting bias of smoking status 
and failure to account for significant confounding (actors. A number of reviews 
of this literature has appeared over the years and all have concluded that the 
effects, if any, are small and unlikely to be of clinical significance in otherwise 
healthy individuals (e.g. Weiss et ah. 1983; U.S. Surgeon General, 1984 & 1986; 
NH & MRC, 1986; EPA report 1992; Tredaniel et al„ 1994). An outline of a 
number of the original contributions appears below. Critical comment is limited 
because the issue appears to be unconlemious at present. 

The first report of a large study on passive smoking and lung function was that of 
White and Frocb (I960) which showed that non-smokers exposed to ETS for 20 
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years in the workplace had small reductions in airflow compared with non- 
smokers not sc exposed. This study had several flaws and no indication of how 
the ex-smokers were dealt with in the analysis. Lebowitz (1984) claimed that 3000 
subjects were omitted from the report when the original data failed to show a 
difference. 

Kauffman et ah (1983) found no difference in pulmonary function between non- 
smokers and passive smokers when the groups were considered as a whole, but 
when the analysis was restricted to subjects older than 40 years there was a 
statistically significant reduction in one measure of small airway function in 
passive smokers. For FEvq there was a statistically significant reduction of 90 mis 
for women, but no reduction in men. When the data for women passive smokers 
was further analysed by age it was found that there were significant differences in 
women only for the 30 35 age group and the 40-45 age group. The latter result 
argues against length of passive smoke exposure as an important determinant, a 
finding which is hard to reconcile with the hypothesis. In addition, male light 
smokers had better indices of small airway function than non-smokers while male 
passive smokers exposed to 20+ cigarettes per day had worse lung function than 
those who actively smoked 20+ cigarettes per day. 

Brunekreef et al. (1985) in a small study from the Netherlands found small 
reductions in peak expiratory airflow in passive smoking women but FEVl was 
not statistically different, There was no increased rate of decline in FEVj with 
continued exposure to ETS. 

In an analysis of the "MR FIT" data, Svendsen et al, (198?) reported that non¬ 
smoking males had, on average, an FEVj 1D0 mis less if they were married to a 
smoker than if they were married to a non-smoker. However, the effect was less 
if the subject was married to a heavy smoker (42 mis) than if married to a light 
smoker (180 mis). When the data was averaged over all the visits there was only 
an insignificant difference of 2 mis between the groups. Workplace exposure was 
not considered in detail. 

Masi et al. (19S7) by using the technique of multiple linear regression in 293 non- 
smokers exposed to ETS in the home and in the workplace, found that men 
showed a reduction in some but not al! measures of airflow if exposed to ETS in 
the home. There was no statistically significant reduction in airflow for 
workplace exposure but there was a mild reduction in vital capacity. For women 
the only measure that was statistically significant was a reduction in pulmonary 
diffusing capacity for workplace exposure to ETS, 
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In a Scottish study it was found that persons exposed to "high" levels of ETS had 
significantly lower adjusted FEV] compared with those with "low" exposure, but 
there was no diflerence between the low exposure group and controls (Hole et 
al., 1989). 

Masjedi et al. (1990) in a study of 288 non-smoking Iranian adults found 
decrements in FEVj, vital capacity and airflow in male passive smokers In this 
group only workplace exposure was significant foi the reduction of spirotnetric 
values. It is stated that 2 of the 288 subjects were excluded when "a history of 
smoking became apparent”. As the study group consisted of delegates attending a 
medical conference, hospital workers and hospital visitors there may have been a 
denial of a smoking habit in a non-anonymous questionnaire- 

in contrast with (he above reports at least 9 studies have failed to detect a 
sign.hcant association between impairment of lung function and exposure to ETS 
(Schilling et al., 1977; Comstuck et al., 1981; Jones et al, 1983; Lebowitz, 1984a Sr 
b; Kentner, 1984; Kryzanowski et al., 1986; Cotch et al., 1990; Laurent et al., 1992). 
These studies are not free of deficiencies in design and methodology but several 
have been conducted carefully. 

Conclusion 

Disregarding the possible deficiencies in many of the above studies, it is 
reasonable to conclude that population or specific-group based studies, whether 
cross-sectionai or longitudinal, have failed to demonstrate a clinically significant 
long-term effect of ETS exposure on pulmonary function. These data do not 
exclude the possibility that small numbers of susceptible individuals may be at 
risk, 

Association with chronic obstructive pulmonary disease 

The detection ol small numbers of individuals who develop pulmonary 
impairment as a result of chronic exposure to ETS might be possible in 
case/control studies or studies designed to detect an association between 
symptoms or diagnosis of obstructive lung disease and ET5 exposure. Several 
such studies have appeared. 

In a Czechoslovakian study conducted between 1972 and 1975 subjects exposed to 
ETS at home were reported to suffer symptoms of "chronic bronchitis" more 
frequently than those not exposed (Simecek, 1980). Hirayama (1981) reported an 
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increased relative risk for death from asthma and emphysema among non¬ 
smoking Japanese women married to smokers but the relative risk (RR) failed to 
reach statistical significance. A similar result was reported by Sandler et al. (1989), 
Kalandidi et al. (1987) reported that the risk of hospitalisation for "chronic 
obstructive pulmonary disease" among non-smoking women in Greece was 
significantly related to the amount smoked by the husband. 

The Seventh Day Adventist studies from the U.S. have also reported an increased 
risk of chronic obstructive pulmonary disease for persons living with a smoker 
(Euler et al., 1987). In a more recent report from the same study (Abbey et al., 
1993) increased relative risks for asthma and "bronchitis" were found with 
increased levels of total suspended particulates (RR's of 1.7 and 1,3, respectively) 
and ozone (RR’s of 1.4 and 1.2), Although ETS is a major contributor to these 
variables, it is not the only source (e.g. see Lebowitz, 1984). However, with 
further analysis controlling for air pollution and childhood exposure to ETS, a 
cumulative relative risk for symptoms of obstructive lung disease was found 
(Robbins et al., 1993). 

A similar association was reported by Dayal and coworkers (1994) following 
reanalysis of data originally collected in 1985-1986 as a probability sample survey 
of mortality in 9 neighbourhoods in Philadelphia. The odds ratio for passive 
smoking (more than one pack a day) being associated with a diagnosis of asthma, 
chronic bronchitis or emphysema was 1.86 (1.21-2.86). A major deficiency of this 
study was the random selection of case controls whereas genetic or other 
"shared" factors may have contributed to the association of disease with active 
smoking cases. 

The major problem with all of these studies is that they fail to account for several 
potentially major confounding factors including genetic or acquired variation in 
lung function and shared environmental factors other than ETS possibly related to 
lifestyle. In a longitudinal study over 10 years Cotch et al, (1990) used the 
technique of path analysis to assess the relative importance of various factors 
which might influence lung function in 978 individuals from 384 families living in 
Baltimore. Genetic factors accounted for 36-40% of the variation in the adjusted 
FEVi, while personal (i.e. active) smoking explained only 3 and 10% of the 
variation in FEVt in adult offspring and parents, respectively. Shared 
environmental factors influencing personal smoking were reported to account for 
3-5% Of the variation. Individual factors (other than genetic) that are constant over 
time accounted for approximately 42% of the variation. The remaining 15% of the 
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variation in offspring and 8% in parents represented "unexplained residual 
factors , but the authors claimed that "very little" of the correlations in FEV] 
among relahves could be attributed to "shared smoking behaviour" or passive 
smoking. This study highlights the magnitude of genetic and cohabitational 
influences on lung function, the combined effects being substantially greater than 
even the influence of active smoking. Much of the passive smoking literature is 
based on studies of co-habitants, but fails to control for this factor. 

4.1.2 A5THMA1IC subjects 


Acute exposure to ETS and lung function 

The first study' to investigate the acute effects of ETS on pulmonary' function of 
asthmatics was undertaken by Shephard and colleagues (1979), who studied a 
heterogeneous group of 14 asthmatics ranging in age from 19 to 65 years and 
tnethacholme sensitivity or PCi) (concentration for 20% fall of FEVj) ranging 
from 0.8 to 24 mg/ml. The group was exposed to machine generated ETS in a 
"heavily contaminated" environmental chamber (CO concentration about 24 
ppm, comparable to exposures reported in bars and taverns). No significant 
changes were noted for measurements of lung volumes, FEVi or forced 
expiratory flows at 25 and 50% VC. When the subgroup claiming "sensitivity" to 
ETS was analysed separately, the only significant response to ETS exposure 
compared with sham was a paradoxical small increase in FEV], 

By contrast, a second study (Dahms et al., 1981) showed significant decreases of 
about 20% in FEV j, FVC and mid-expiratory flows after 1 hour exposure to ETS 
(CO concentration estimated to be 15-20 ppm). As for the earlier study, no 
significant effects were seen in control subjects. The decline in lung function was 
progressive over the 60 minutes and reversed completely 15 minutes after 
bronchodilator The 10 asthmatics in this study differed from those studied by 
Shephard et al., in that they were younger (18-26 years) and had marked 
bronchial hyper-responsiveness (PC20%, FEVi for methacholine 0.075-1.25 
mg/ml). There was an apparent relationship between methacholine and ETS 
sensitivity but it did not reach statistical significance. Half of the subjects in each 
group claimed to be "sensitive" to ETS. 
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In an attempt to resolve the discrepancy raised by these two studies, seven more 
reports have appeared in the literature: three were negative and four show 
variable effects, at least for some asthmatic subjects. 

Knight and Breslin (1985) studied 6 asthmatics exposed to an unspecified 
concentration of ETS and found significant declines in FEVj and mid-expiratory 
flow rates after 1 hour in 3 subjects and smaller declines in the other 3. There was 
also a trend for the PC20 for histamine to fall after exposure (pre-challenge range 
0.22-7.2 mg/ml). 

Stankus et al. (1988) recruited 21 "smoke-sensitive" asthmatics from respondents to 
newspaper advertisements (19 atopic, age range 21-50 years). Two of the subjects 
had a 20% fall in FEVi after 2 hours of the "low-level" exposure (CO about 9 
ppm), while 5 others reacted to a second or. third challenge at "high" (CO 13 
ppm) or "ultra-high" (CO 14 ppm) levels, lire remaining 14 had minimal reactions 
at any level. The results for individual subjects were reproducible on repeated 
testing. These authors stated that there was no association between smoke 
sensitivity and methacholine sensitivity, but data for the latter were presented in 
"breath units" which are not easy to correlate with other results. Furthermore, 
there was no observed association between a positive smoke challenge and the 
presence of serum IgE antibodies and/or a positive skin test to tobacco leaf 
extract. 

In a subsequent study these authors performed methacholine challenges serially 
after smoke challenge (Menon et ah, 1992). In this study only 5 out of 31 
"sensitive" asthmatics and no "sensitive" controls had significant falls in FEVj. 
Almost 30% of the asthmatics had heightened bronchial reactivity at 24 hours 
which persisted for 2 weeks in about 10%. The latter were presumably the three 
subjects who showed a 10-fold decrease in the PD 20%. The remainder had 
relatively small changes. The results for non-asthmatics were qualitatively similar 
with 18% increased at 6 hours and 8% at 3 weeks. There was no correlation 
between the change in methacholine sensitivity and the decline in FEVi in 
response to smoke challenge. These results are not generally applicable because 
all subjects were atopic and "sensitive" to ETS. Only 3 of the asthmatic subjects 
were using preventive medications. There was no attempt to control for 
confounding causes of changes in bronchial reactivity such as occupational 
exposures. An extra control group of 6 asthmatics performed serial methacholine 
challenges without any ETS exposure but their results were not reported. 
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In an attempt to control for psychological influences, which are known to be 
capable of provoking bronchospasm in susceptible asthmatics, Danuser and 
coworkers (1993) reported exposing subjects to increasing concentrations of ETS 
(CO 0-32 ppm) for 2 minutes through a valve box and mouthpiece, with the 
expired air diverted from the room. This largely removed any upper respiratory 
or ocular symptoms and subjects were generally unaware of the dose level. A 
clear cut dose response was observed for symptoms of cough and throat irritation 
in both the control subjects and those with documented bronchia) hyper¬ 
responsiveness. There was no change in FEVj or mid-expiratory flows in the 
control subjects. For the reactive subjects, the greatest decline in function 
occurred at the lowest concentration (2 ppm CO), with relatively small and 
variable changes thereafter. The maximal decline in FEV i was Jess than 10% on 
average. This study lacked a "sham" experiment day. A 10% fall in FEVi could 
be expected in sensitive aslhmatic Subjects asked to perform 7 sels of spirometry 
interspersed with periods of breathing for 2 minutes on a mouthpiece. 

In contrast with the positive studies reported above several carefully conducted 
studies have shown no significant acute effects of ETS exposure in asthmatic 
subjects. Wiedeman et al. (1986) reported exposing 9 young asthmatic subjects 
with moderate or marked bronchia! hyperreactivity (age 19-30 years, PCffl for 
methacholine 0.25 mg/rnl; all subjects less than 1.0 mg/ml) to one hour of high 
concentrations of EIS (40-50 ppm CO in an environmental chamber). There were 
no significant changes in FEV] or mid-expir.itory flows arid a paradoxical 
significant decrease in bronchial reactivity to methacholine following exposure 
(from 0.25 mg/ml to 0.79 mg/ml). 

Similar results wore reported by Magnussen and colleagues (1992) (see also Jorres 
& Magnussen, 1992) who studied 24 asthmatic (PC 21 ), 0.23 mg/ml) and 16 control 
subjects. Comp a led with slvarn conditions exposure for 1 hour to ETS (20 ppm 
CO) produced no significant change in : l '/i, airway resistance or bronchial 
reactivity. All subjects (asthmatic and control) complained of significant 
discomfort during exposure, lire actual symptom scores for asthmatics did not 
correlate with their pre-exposure histories of sensitivity to ETS. 

Summary and conclusions 

The literature provides conflicting data concerning the acute effects of exposure to 
ETS pn lung function and bronchial reactivity in asthmatic subjects. At least some 
of the discrepancies might be explained by differences in subject selection and 
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exposure conditions. A number 0 / conclusions can be drawn from (he available 
data. 

(i) Clinically significant brondiospasm as a result of exposure to very high 
levels of ETS appears to be a rare event. Decreases in FEV] of 20% or 
more have been observed in some asthmatics with moderately severe 
bronchial hyper-responsiveness and pre-existing intolerance to ETS. 

(iij All the reports 0 / positive effects indicate prompt reversal of 
bronchospasm within 15 minutes of inhalation of a beta agonist to 
values equal to or higher than those observed pre-exposure. Pre- 
treatment with a beta agonist will prevent bronchospasm in "sensitive" 
asthmatics. Inhaled sodium chromoglycate may also prevent airway 
reactions. 

(iii) The possible protective effect of adequate prophylaxis with inhaled 
steroids or sodium chromoglycate ("Intal") has not been investigated 
systematically. 

(iv) There is marked individual variability in airway responses to ETS 
exposure ranging from significant declines to significant increases in 
FEVt. There appears to be a weak association between reactivity to 
ETS and reactivity to methacholine or histamine when the analysis is 
restricted to subjects who react negatively to ETS, but conflicting results 
have appeared. 

(v) A dose response relationship between ETS exposure and decline in 
airway function has not been documented conclusively and there is 
some contradictory data. For example Danuser et al. (19931 observed 
the greatest relative change after only 2 minutes breathing ETS at the 
lowest concentration (2 ppm CO), with some subjects showing 
improvements at higher levels, although there was a weak overall 
trend towards a gradual decline. By contrast, Stankus et at. (1988) 
claimed that duration of exposure was important with some of their 
seven reactors requiring two or three exposure periods (at increasing 
concentrations) before a significant decline was detected. The highest 
exposure levels lepoited were those of Weideman et al. (1986; 40-50 
ppm CO) and these produced no consistent effects in young asthmatics 
with at least moderate bronchial hyper-reactivity, two thirds of whom 
complained of "sensitivity" to ETS and more than half had previous 
admissions to hospital for asthma. 
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(vi) The short and long term effects ol ETS exposure on bronchial hyper- 
responsiveness have not been consistent Two studies showed 
significanl increases in bronchial hyper-responsiveness, two showed no 
effect and one showed a significant improvement. The latter finding is 
concordant with the results of Bolin et ai. (1980} who documented a 
significant increase in bronchial reactivity in asthmatics who were 
successful in ceasing active smoking (PC20 for methacholine decreased 

i from 5.62 to 1.56 mg/ml). In other words, in this group of asthmatics, 
cessation of active smoking appeared to have a deleterious effect on 
bronchial hyper-rpsponsiveness 

(vii) The prevailing view is that the short term effects of ETS on asthmatic 
airways are those of irritation possibly mediated by nociceptive afferent 
neurones. There are no data to support the view that reactions, when 
present, involve IgE mediated hypersensitivity and there is no evidence 
of typical late reactions at 6-8 and 21 hours after exposure, 

Chronic exposure to tobacco smoke and lung function 

Few studies have examined specifically the possible long-term influences of 
chronic or recurrent ETS exposure on morbidity and lung function in asthmatic 
subjects. However, a number of epidemiological reports on active and passive 
smoking have analysed asthmatics separately and a number of conclusions can be 
drawn from this literature. 

Almost all studies indicate that the diagnosis of asthma is associated with an 
excessive rate of decline of airway function which is at least double that for non¬ 
smoking, non-asthmatics and comparable to or exceeding that of active smokers. 
Numerous cross-sectional studies have shown that unsHerted asthmatics have 
impaired airway function compared with matched control subjects. This has been 
documented also in a group of asthmatics after intensive therapy for 4 weeks 
including oral corticosteroids (Brown et al., 1984). The reduction in FEV( 
(Compared with predicted) correlated with duration and severity of asthma, but 
not with a history of active Smoking. Females showed a significantly greater 
decline with age than men. Other cross-sectional studies have failed to document 
significant additional impairment in smoking asthmatics (e.g. Higenbottom et al., 
1980). 

In contrast with llie above results the cross-sectional study of Connolly et al. 
(1989) reported that, in addition to age and duration of asthma, poor control of 
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wheeze was related in lower social class, current smoking and lack of central 
heating. Persistent obstruction was related to age and duration of asthma, lifetime 
amount smoked, and lack of central heating, However, it is not clear whether 
smokers with chronic airflow limitation and partially reversible obstruction were 
included as asthmatics. There may also have been some reporting bias of 
smoking status because ihe influence of passive smoking appeared to be of 
greater magnitude than a history of past smoking. This is not consistent with 
other studies which showed marked impairment of function and increased 
bronchial hyper-responsiveness in asthmatics who are ex-smokers. 

The longitudinal study of the population of Busselton, Western Australia (Peat et 
at., 1990) showed Dial asthmatics had lower baseline tung function and a greater 
annual decline of FEVj compared with non-smoking normal subjects (50 ml/year 
versus 35 ml/year). There was wide individual variation in the annual rate of 
dedine with some subjects exceeding 90 mJ/year. The rate of decline correlated 
with the degree of bronchial hyper-responsiveness but not with atopic or 
smoking status. Among the asthmatics, 39% were current smokers. 

The above results are consistent with those from an 8-year longitudinal study in 
Montreal (Jaakkola et al, 1993). Subjects with "doctor-diagnosed asthma" had an 
excess annual decline in FEVj of 43 ml/year greater than that observed for 
asymptomatic normals. This exceeded the excess dedine seen in symptomatic 
current smokers whether (hey had asthma or not. Indeed, the excess annual 
decline was less for current smoking asthmatics than those who had never 
smoked. Thai this might reflect a "healthy smoker effect" is supported by the 
observation that the greaicst annual decline was seen in asthmatics who were ex¬ 
smokers, Alternatively, the ex-smokers might have developed an increase in 
bronchial reactivity after cessation (see Bolin et al., 1980). 

In a recent study of the long-term benefits of inhaled corticosteroids in patients 
with chronic airflow limitation it was found that, among those who had 
documented bronchial hyper-responsiveness, the single independent predictor of 
a favourable response was the baseline bronchodilator response (Kerstjens et al., 
1993). Smoking status was not a significant predictor. 

Most of the epidemiological studies which have examined possible influences of 
passive smoking on pulmonary function in adults have specifically excluded 
asthmatics from analysis. As pari of a prospective study of obstructive lung 
diseases in Tucson, Arizona, Lebowitz (1984) reported thal airway function and 
“asthma attacks” in adult asthmatics related to room temperature, high humidity. 
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micropollen and indoor total suspended particulales, but not (o passive smoking 
per se. 

Connolly et al, I19S9) undertook a sludy of "all asthmatics" attending a specialist 
clinic in Edinburgh. The potential influence of social and environmental factors 
was assessed from Ihe patient history. About half (he patients were on oral 
corticosteroids and a third on inhaled steroids or sodium chromogiycate. Passive 
smoking was associated with a reduction in airway function, but there were 
some anomalies in the results. Passive smoking was as strongly associated with 
function as current active smoking while total amount smoked and ex-smoker 
status were not significant predictors. The data provided were insufficient to 
allow critical appraisal. 

In a longitudinal sludy of young adults over an 8 year period the diagnosis of 
asthma and/or the development of wheeze and dyspnoea were associated with 
an excess decline in lung function (Lebovvilz. 19SO). The presence of alnpy was a 
significant modifier but gender and exposure to ETS were not. 

Conclusions 

Asthma in adults is associated with an overall impairment of airway function and 
an excess rale of decline with tune, the magnitude of which is comparable to or 
exceeds that for active smokers. Active smoking appears to have little effect on 
this rate of decline, but a "healthy smoker" effect (in which those who are 
affected managed to cease smoking) cannot be excluded- Given the variability of 
airway function Dial characterises asthma and the excess mean annual decline, it 
would be very difficult to detect a small additional influence of passive smoking. 
However, Lebowitz (1984) was able to document significant interactions between 
airway function in asthmatics and several environmental factors, but not ETS. 

The available data do not support the hypothesis that asthmatics represent a 
group particularly susceptible to long-term respiratory effects of ETS. 
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4.2.1 EPIDEMIOLOGICAL STUDIES 

There has been a number of well publicised reviews of the epidemiological, 
experimental and biological data contributing to the assessment of a potential 
causal link between ETS exposure and lung cancer in adults. These include 
reports by the Surgeon General (1986), NHicMRC (1986), NRG (1986), EPA (1992) 
and OSHA (1994). 

Although these reports are considered by many to be authoritative and 
scientifically sound, some problems have been identified with methodology and 
reporting. 

The conclusions of the EPA Report (1992) have been debated by Lee (1994), Gross 
(1994) and Huber et al. (1993), among others. The bases for their criticism include 
the following weaknesses: 

♦ failure to consider aIJ the epidemiological evidence including 
workplace and childhood exposure data 

» difficulties with interpreting weak associations 

• failure to adjust appropriately for confounding variables 

* inadequate correction for misclassification bias and active smoking 
status 

• failure to explain the lack of consistency between results for differenl 
countries 

♦ failure to account for publication bias 

The 1994 Occupational Safety and Health Association (OSHA) Report is 
concerned with occupational exposure but does not appear to formally evaluate 
the workplace evidence (see below for a summary of this). Instead it uses an 
arguably invalid extrapolation from an incorrect summary of spousal exposure 
studies. These points are argued forcefully in Tweedie (1994) and Layard (1994). 

In view of the identified weaknesses in the public reviews we also conducted 
detailed assessments of all of the available individual studies on the association 
between exposure to ETS and lung cancer. In addition we have used other 
published reviews including those of Wells (1993), Lee (1992, 1994), LeVois and 
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Layard (1994), Smith et al. (1992), I’visluyen (1994), Mengersen et al. (1994) and 
Tweedie and Mengersen (1994). 

Exposure to Spousal Smoking 
Overall Association 

Table 4.2.1.1 combines some details ami results from Mengersen et al. (1994), Lee 
(1992) and Lee (1994) of all studies known to us, through Medline and Cancerlink 
searches and reference to the above published reviews, which provide 
comparable data relevant to the association between exposure to ETS and lung 
cancer in nonsmoking adults, using spousal smoking as the primary measure of 
exposure. This currently comprises 3S studies of which (wo are unpublished 
theses. Nine other related studies do not provide comparable data; Lee (1992, 
Section 3.1) and the EPA Report (1992) provide details of these and the reasons 
why they should be excluded from an overall assessment of the ETS-iung cancer 
relationship. In addition the studies by Katada (1988) and Sandler (1989) are not 
included because they lack the necessary information. 

Table 4,2.1.] shows that, for females with smoking husbands, out of 35 studies 
reporting unadjusted relative risks none were statistically significantly reduced, 29 
were not significantly raised or lowered and 6 were statistically significantly 
raised (at the 5% two sided level). For males all of the unadjusted relative risks 
reported were not significantly raised or lowered. 

Various meta-analyses have been conducted to examine whether a significant 
association between ETS and lung cancer can be derived: (Wald et al., 1986; NKC 
Report., 1986; Tweedie & Mengersen, 1992; EPA Report, 1992; Lee, 1993; LeVois 
& Layard, 1994). Smith et al. (1992) mentions 8 such meta-analyses and concludes 
that "all meta-analyses found summary risk ratios less than 2.0 (most loss than 15) 
for non-smoking women married to smokers." 

The EPA's (1992) meta-analysis of US studies omitted two studies published before 
the release of its report: Brownson et al. (1992) and Stuckwell e i al. (1992). LeVuis 
and Layard (1994) report that "using the EPA's methods and assumptions, we 
have calculated a summary relative risk oi 1.07 (95% confidence interval of .95 to 
1.21) from a meta-analysis of 13 US spousal smoking studies including these two 
recent studies". 
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Mengersen et ai. (1994) use 34 studies, including more recent ones (see Table 
4.2.1.1), and adopt the data tabulated in Lee (1992, Tables 3.13F and 3.13M) and 
comparable data (rom five more recent studies (including Fontham, 1994). Lee's 
(1994) meta-analyses include a study by Du et al. (1993) but not by Ger et a]. 
(1993). He obtains meta-analysis based summary relative risks of 1,17 (95% 
confidence interval of 1.08-1.27) for unadjusted relative risks and of 1.14 (95% 
confidence interval of 1.06-1.23) using relative risks adjusted for covariates where 
available. These, and other summary relative risks, for various subgroups, 
reported by Lee (1994) are very similar to those obtained by Mengersen et al. 
(1994) and reported in the following. 

Mengersen et al. (1994) present four basic analyses of the available results: (i) a 
fixed effects meta-analysis based on logit, (ii) test-based and (iii) Sato based 
calculation of RR and confidence intervals and (iv) a random effects model using 
logit based estimates. They also analyse the published data using unadjusted 
relative risks, adjusted relative risks and a combination of both. Overall the results 
are similar using the various methods and adjusted or unadjusted estimates of RR. 
However they argue that the use of the random effects (RE) model is more 
appropriate in this meta-analysis because of the heterogeneity detected by them 
between the studies Their results are broadly supported under various models 
and assumptions, and based on somewhat different datasets (Lee, 1992; Besag et 
ai., 1994). 

The meta-anatysis results of Mengersen et al. (1994) (for the RE model), are as 
follows. Quoted estimates are for RR and 95% logit-based confidence intervals. 

• For females exposed to smobmg spouses. Using unadjusted relative risks 
from 31 studies (3 of which are cohort designs, 28 of which are case- 
control) the uverall relative risk is 1.2D |1.07, 1.35J. Using adjusted 
relative risks only, the overall relative risk is 1.28 [1.03, 1.59} and using 
adjusted relative risks where available and unadjusted otherwise the 
overall relative risk is 1.24 [1.08, 1.43). Note that these adjustments are 
for different sets of confounders in each individual study. 

• For males exposed to smoking spouses. Similar combined results are 1.39 
[.95, 2.04], 2.01 (1.22, 3.301, 1.43 [-99, 2.06] respectively. Although the 

second value (that for adjusted relative risks alone) is elevated when 
compared to the other two summary tesults it is based on few studies 
with high reported adjusted and unadjusted relative risks. Titus it would 



be incorrect to conclude hum this that adjustment for confounding 
factors results in larger relative risks in general. 

For US studies the overall relative risks using the RE model are 1.11 
[ 98. 1 26] for females and .95 (. 55 , 1 . 54 ) f 0r males. 

• For Asian studies lire corresponding results are 1.27 [1.04, 1.56J for 
females and 2.28 [1.15, 4.52] for males. 

• For "better quality" studies (Tiers 1 to 3 as judged by the ERA Report, 
1992) the overall relative risks for females is 1.24 [ 1 . 12 , 1.36) and for 
males is 1.39 [.95, 2.04] 

• The degree of unexplained variation between the individual estimates 
indicates that possible confounders should be more closely investigated 
and that if an overall relative risk is to be ascribed to a population, a 
representative subgroup of studies should be used. 

• This is reflected in the different estimates obtained for the different 
study groups delineated in the EPa Report: the overall excess risk for 
Asian studies is about twice that for US studies. Overall relative risks 
for the latter, for either sex, are not statistically significant at (lie 5 % 
level, 

There is a strong indication of publication bias’favouring raised relative 
risks, which may spuriously inflate these overall results 

Based on published data of overall relative risks for lung cancer associated with 
exposure to spousal smoking (in a variety of imprecisely defined forms) it can be 
concluded from this meta-analysis that the best estimates, although not 
attributable to chance, do not rise to tin- levels required for strength 0 / association 
to be established (see Section 2.1 for details). 

Exposure-Response 

Table 4. 2 .1.1 identifies 17 case control and 2 cohort studies from Lee (1992, Tables 
3 17 and 3.IS) and El’A (1992, fable 5 I 1;. which report on exposure-response 
relationships amongst females. One vi those (VVu-Williams et al.. 1990) reports 
only that there was no significant trend in risk. The most common exposure 
measures are cigarettes per day and yams ol exposure to spousal smoking. As 
measured by cigarettes per day, 7 of It, studies reported significant trends at the 
5% level. As measured by years ol exposure. 3 out of 8 are reported to be 
significant at the 5% level. 
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The EPA Report (1992} and Wu-Williams and Samet (1990) conducted an overall 
evaluation of this putative relationship "by eye". This was argued to be 
inappropriate by Tweedie and Mengersen (1992), who provided a number of 
formal meta-analytic approaches to exposure-response for the 16 case control 
studies. They also proposed that assessment of this relationship should be 
independent of the assessment of a possible overall association, and hence that the 
unexpostd group should be excluded from the analysis. The rationale for this 
exclusion is that RR's greater than unity for exposures greater than zero may not 
differ from each other and yet the test for trend will be significant. In this case a 
trend may not be present in the RR for exposures above zero. Their main 
conclusions were as follows’. 

• When the unexposed group is excluded, there is no overall statistically 
significant relationship between lung cancer relative risk and level of 
exposure. This conclusion was also reached by Layard (1990). 

■ When the unexposed group is included, conflicting results have been 
reported, depending on the exposure measurement used and whether 
the model is forced through the point representing the unexposed 
group. 

NO study that we have examined has tested for alternative models such as a step 
function or other type of threshold response mentioned in Section 2.2, even 
though the data might indicate that these are more appropriate. Since two of the 
requirements for proof of causality are that an exposure-response be established 
and that results be consistent between studies it is clear from the epidemiological 
studies to date that: 

(i) There is inconsistency between the results on exposure-response 
between the various studies. 

(ii) A non-threshold exposure-response has not been established in any 
study because formal consideration and testing of the threshold 
possibility has not been carried out. 

For example, Fontham et al. (1994) reports a number of dose-response 
assessments. Almost every type of exposure-response funetiun listed in Section 2.2 
could be inferred from or applied to these data. It is impossible to conclude from 
this particular study that there is a consistent biological gradient across the 
different reported exposures, especially since in a number of instances there is no 
significant elevation in risk until quite high exposures as measured by spousal 
smoking (above 40 pack years; see, for example. Table 3 of Fontham). 
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Moreover the exposure response patterns presented for exposure by source 
(household, occupational and social) are implausible given the way in which 
each exposure was estimated. 

In a number of studies the modelled response to ETS exposure appears to be 
higher than expected from corresponding results for direct exposure through 
active smoking. This provides additional inconsistency, not only between the 
studies concerned with the effects of exposure to ETS, but also with well 
established results for active smukiug. 

One possible explanation tor an observed increased relative risk, but little 
indication of a positive exposure-response relationship, is (hat some bias may be 
inflating all of the observed risks (bayard, 1990; Tweedie & Mengersen, 1992). 
Such a rationale is in keeping with the results based on studies which used 
cotinine levels as an objective measure of exposure (see Tweedie ke Mengersen. 
1992). 

As cautioned in Section 2.2, reporting bias could influence the assessment ol 
exposure-response (i.pe, 199-1) and proper account must be taken for studies 
which do not report nonsignificant relationships. 
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Ta ble 4,2.1.1 : Studies which provide relative risk estimates of lung 

cancer for nonsmokers exposed to ETS, as measured bxf 
spousal smoking 


1st Author 
(Yeer) 

Country 

Stx 

Crude RR 

Adjusted RR 
(9S%CI) 

Exposurt’Response Trend 
(Females only J 

Atiba <I98d> 

iti 

Japan 

F 

1.5 (P.9-2.8) 

1.5 (0.9-2.8) 

NS/* 

(cig/day) (Lcc/llPAj 



M 

2.1 (0.3-9,6) 

1.8(0 4-7.0) 

NS 

(years) 

Brownson (1937) 

USA 

F 

18 (0.3-89) 

1.7 (0.4-2 9) 

NS 

(cig/day) 

Brownson (1992) 

USA 

F 

1.0 <0.8 1.2} 

1.0 <0.8-1-2) 

NS 

(pack years) 

Buffler (1984) 

ISA 

F 

0.8 (G.3-2.2) 

- 

NS 

(cig/day) 



M 

0.5 (0.1-2.2) 




Chan (1982) 

Hong Kong F 

0.8 (0.4-1.4) 




Coitco (1983) 

USA 

F 

2.) (0.8-6,1) 


« • 

(pack-years) 



M 

2.0 (0.2-11.8) 

• 



Du (1993) 

China 

F 

1.1 (0.6-1.9) 




Foolham (1994) 

USA 

F 

1.3 0.1-1.4) 

1.3(10-1,6) 

* 

(pack-years) 

Gao (1987) 

China 

F 

12(0.8-1.8) 

Aboul 1.4 

•/NS 

(total yean) ILee/EPAl 

Caifrrrkel (1985) 

USA 

F 

1.2(0 8-1.9) 



(cig/day) 

G eng (1988) 

China 

F 

2.2 (1.0-4.6) 


* 

(cig/day) 






***)• 

(years) ILec/EPA) 

Gar (1993) 

Taiwan 

f 


1.2(05-3.9) 

Hi 

(cigs/day) 



M 


0.9 (0.1-6-5) 



Humble (1987J 

USA 

F 

2.3 (0.8-8.6J 

2.2 (O.B-6.6) 

NS 

(cigs/day) 



M 

4.2 (0.8-28 0) 




Iroue (1988) 

Japan 

F 

2.6 (0.7-11.91 

2.3 (0.8-8.B) 

♦ 

(cigs/day) 

Janerich (1990) 

USA 

F 

0.8 (0.5-1.2) 






M 

OK (0 3-1 8) 






F&.M 


0.9(06-1-5) 

N/A 
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TableA^2 ,I T. Studies which provide relative risk estimates of lung 

cancer for non smokers exposed to TiS, as measured by 
spousal smoking (corst. ) 


1st Author 
(Year) 

Country 

Se* 

Crude RR 
f/f'ACh 

Adjusted RR 
(95?cCh 

Exposure-Resoonte Trend.*! 
tFemales only) 

Kabtit (>990) 

USA 

F 

i'/<; .n i t./.9/ 

- 





M 

] . i •' ; o. 




Kabot (1984) 

USA 

K 

O.Mi- 

1 ('.• .'-ft.71 

7 9) 




K aland idi <1990] 

Greece 

F 

2 1 <1.1 :.l) 

. 

(cigs/day) 






NS/’ 

(years) fLee/l-il’A) 

Koo (19S7) 

Hong Rung 

F 

i.ei».v* 2 .s) 

1.6(0 9 VI) 

NS 

(cigs/day) 






NS 

(yrs ai home or work) 

Lam T (1987) 

Hong Kong 

f : 

1.7 M l 2.4) 


•• 

(cigs/day) 

Lam W (1985) 

Hong Kong 

F 

2.0 (1 0-3.9) 




Lee (1986) 

England 

F 

1.0 (0 4-2 9) 

1.0(0.4-27) 





M 

13(0.3-5.4) 

1.3(04-4.4) 



Liu (1991) 

China 

F 

0.7 (0 3-1 9) 




Per Shagen (1987) 

Sweden 

F 

1.0 {0.60.8) 

1.2(07-2 1) 

NS 

(cigs/day) 

Shimizu (1988) 

Japan 

F 

1.1 (0 6-1.9) 




Sobue (1990) 

Japan 

y 

11 (0.7-1 6) 

1.1 (0.8-16) 



Stockwetl (1991) 

USA 

F 

1.6 <0.8-3.2) 

1.6 (0 8 3 0) 



Svensson (1989) 

Sweden 

F 

1.3 (0.5-3.21 

Aboul 1 5 



Trichopouios 

U981) 

Greece 

f- 

2.1 (1.2-3 8) 


'* 

feigs/day) 

Varda (1987) 

USA 

T 

0.8 


NS 

(yearsj 



M 

0.8 (0.3-1 »Jt 
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Table 4.2.1.1 : Studio which provide relative risk estimates of lung 

cancer for nonsmokers exposed to ETS t as measured by 
spousal smoking (cont.) 


ISI Author 
(Year) 

Country 

Sex 

Crude RR 
<9S%C!) 

Adjusted RR 
(9S%CI) 

Exposure - Rcsponsc Trends ^ 

(Fcum leg only} 

Wang (1494) 

Chinn 

F 

0.8 (0.4-1.8] 

0.9 (0.3-2.5) 


W» (1985) 

USA 

F 

12(0.4-3.4) 

1.2 (0.5-3.3) 

NS/NA (years) (Lee/CPA| 

Wu-Williams 

China 

F 

08(0.6-1.0) 

0.7 (0.6-0.9) 

'no significant trend' 

(1990) 






Ziegler <1984) 

USA 

M 

Less than l 

Less than 1 


Cohan Studies 






Suiter (1988) 

USA 

F 

2.4 (0.6-10.2) 

2JH0.4-8.B1 




M 

2.5 

2.0 (0.5-8 6) 


Ga/fink«J 0981) 

USA 

F 

1 2 (0.8-1.6) 

1 18 

NA (but N5 on our reanaJysis) 

Hirayaina (1981) 

Japan 

F 

l.4{[.0-2.0) 

1.5 (t.0-2.1) 

(cigs/duy) (Lec/EPA) 



M 

2.4 (0.9-5.2) 

2.3 (1.2-42) 


Hole (1989) 

Scotland 

F 

1.9(0.2-9.01 





M 

3.5 (0.2-208) 





M&F 


2.4 (0 5-12-8) 



Sourer: Mcngerscn et xl. (1994). Lee 11999). Lee 0994). 

Ex-smokers are excluded where possible. Individual studies aecounl for different subsets of possible 


corifouudcrs 

io the adjusted estimates The estimate for Wang is adjusted for active smoling (Table 4). 

1 Taken from EPA (1992, Table S-11) and Lee 11992, Tables 3-17, 3-18), Lee (1994). 
Includes unexposed group 

NS pxO.lO; + 0.10<pn0.05; ■ 005<p<0.01: 0Oi<pxO.OOl; peOOOl 




Exposure lo ETS in the Workplace 

Table 4,2.1.2 provides details of 12 epide.miolugical studies which provide data on 
the association between lung cancer and general workplace exposure to ETS as 
extracted from Lee (1992, 1993), LeVois and Layard (1994) and Biggerstaff, 
Mengersen and Tweedie (1994). 

The results of Butler (1938) are too unreliable to be useful in this assessment. In 
addition Brownson et al. (1992) and Slnrkwell et al. (1992) examined workplace 
exposure and observed, without reporting estimates or details of statistical tests, 
I’tat there was no elevated relative risk with workplace exposure. It should be 
noted that the significant Fontham (1994) result is not adjusted for exposures in the 
home or at work. 

Although the OSHA Report (1992) was commissioned lo address the risk for 
workplace exposure, it ignores (without justification in tlu 1 text) these data and 
bases its conclusions and recommendations on results from the studies on spousal 
exposure. 

Biggerstaff el al. (1994) identified tt studies which have a shared goat of 
measurement of the relative risk of lung cancer associated solely with "general" 
exposure lo ETS in the workplace. 

Five of the 11 siudies with female respondents reported an increase in the relative 
risk of lung cancer associated with workplace ETS exposure, with just one of 
these significantly raised at the 5% level For males, two ol the three studies 
reported a raised point estimate of this relative risk, but neither of these was 
reported to be significant at tire 5% level Another study not included in the meta- 
analysis reported a risk of OU for males because there were no cases (Butler, 1983), 

Both Lee (1992) and Biggerstaff et al (1994) conducted meta-analyses, l.ee (1992, p 
117) reports an overall estimated relative risk of 0-98 and a 95% confidence 
interval of (0.S9, 1,08) for published results in the nine studies available in 1986, 
and in (1993, Tables 4 and 5) gave revised (still non-significant) assessments and 
discussion. Biggerstaff et a(. (1994) pro\ ide an independent assessment of the 
dataset in Lee (1993), using the two models considered by Lee and a further 
Bayesian approach. Their main conclusions are that for unad)usted data, there is 
an overall relative risk for females from 1.04 to 1.12 (depending on the method) 
and for males frnm 1.51 to 1.69, none of which is statistical! 1 / significantly raised 
above unity at the 5% level. LeVois and Layard (1994) also cunclude from tile 
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meta-analysis of worldwide (and for US studies separated out) that the summary 
relative risk is between .98 and 1.01 and is not significantly raised or lowered. 

It can be concluded that from these data and analyses that. 

(i) there is no overall statistically significant association between 
exposure to ETS in the workplace and lung cancer; 

(ii) any effect of ETS exposure in the workplace as a cause of lung 
cancer is not supported by the epidemiological evidence 


5a 



Table 42.1,2 : Studies tvhiclt provide relative risk estimates niu! confidence 
intervals of lung cancer for nonsmokers exposed to ETS, as 
measured by smoking in the xvorkplace 


hr A urhor 
fYear) 

Sex 

Crude RR 
(95<?t Exact Cl) 

Adjusted RR 
(95%Ci) 

Fonilwm (1994) 

r 

l.l (0.9-1 4) 

19(1 1-1.7) 

Giirfmkel 0985) 

r 

i:9 (0.5-1.6; 

i) 9 (0.7-1.2) 

lane rich (19901 

1 : /M 


ii'.l(CI 8-1 01 

K;ibJi r 1990) 

F- 

i o l<»>2.2) 



M 

i H (O..S-2 1) 

1 i) (<1.5-2,11 

Kiibiii (1984) 


■ '(Oil.5) 



M 

' « it.O 10 6) 


Kalatididi (1990) 

P 

M0.7-2.7) 

1 1 (0 ?-} 9) 

Koo (1987) 

F 

■■■) (0.17.0) 


Lee (1986) 

r 

V 6(0.1-2.5] 



M 

! 6 (0 4-6.6) 


Shimizu 0988] 

F 

I ML7-2.1) 


■Svctrison (1989)* 

f ; 

1 1 (0.7* 2.0) 

1 2 (0.4-2.9) 

Wu (1985) 

r 


1 3(0.5-13) 

Wu-Williams (1990) 

F 

1 1(0.9-1.6) 



Source, Bisserjiuff a at. (199a), Lee (1992, 199-1), LcVois and Layatd (S99-1). 
• Combines workplace and home exposure. 
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Exposure to ETS in Childhood 

According to Lee (1994, Table 4.2.1.2) there are 16 studies with results on lung 
cancer in adulthood associated with childhood ETS exposure; he reports a meta¬ 
analysis which gave unadjusted and adjusted relative risk estimates less than 
unity, implying no positive association. 

Determination of childhood exposure is likely to be much more inaccurate than 
assessing adulthood exposure and hence more caution is needed in interpreting 
any results. In the Fonlham et al. (1994) study, results are reported for the 
association between risk of lung cancer and childhood exposure to tobacco 
smoke among nonsmoking women. Regardless of source of exposure (father, 
mother, other household member) and regardless of histological type 
(adenocarcinoma versus other), no crude or adjusted odds ratio was significantly 
different from unify at the 5% level, with the majority of point estimates less than 
unity. Furthermore, in Eontham (1994, Table 5) the responses among non¬ 
smoking women to smoke-years of household exposure during childhood show 
negative (but nonsignificant) trends. 

In spite of this, Eontham concludes (p.1759) that the increased risk of lung cancer 
from exposure to ETS is more marked (or women also exposed in childhood. 
Reanalysis of the table indicates that a more plausible explanation of their results 
is that they observed surprisingly few cases who were exposed in childhood but 
not in adulthood. 

Pershagen (1994) provides a summary of fifteen results contained in 10 studies 
which contain information on ETS exposure in childhood from various family 
members. He states that "only the study by Janerich ct al. (1990) provided clear 
evidence of an increased lung cancer risk related to ETS exposure in childhood or 
adolescence. No consistent association was evident from the other studies, 
although two of three studies suggested an increased lung cancer risk if the 
mother smoked. 1 ' Interestingly what Pershagen does not comment on (but is 
evident in his Table 4) is that the only statistically significant result is from the 
Janerich study for childhood exposure to greater than 25 smoker years (RR of 2.07 
with a 95% confidence interval of l 16 to 3.68). This is an extraordinary exposure 
level in which other biases and confounders could well be at work. 



In conclusion the overall epidemiological evidence indicates that exposure io ETS 
in childhood is not significantly associated with an increase in relative risk of 
lung cancer. Hence the epidemiology cannot support a conclusion of causality of 
lung cancer from childhood exposure. 




Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 
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Studies which provide relative risk estimates of lung cancer for 
adult nonsmokers exposed to ETS in childhood 

Ui Author 

Sei 

Exposure 

Reponed RR 

(Year) 


Measure 

c9S%ct) 

Akiba (1986) 

MAF 

Maternal or paternal smoking 

No association 

Correa (1983) 

MAF 

MaremaJ or paternal smoking 

No significant increase in risk 

Fonihum (1994) 

F 

Exposed in childhood'. 

‘to father's smoking 

-to mother's smoking 

• lo any household member’s smoking 

0.8 (0.7-1.0) 

0.9 <0.6-1.2) 

0.9 (0.7-1.1) 

Gao (1987) 

F 

Lived with smoker in childhood 

1.1 (0.7-1.7) 

GarfinJcel (1984) 

F 

Exposed in childhood 

0.9 (0.7-1.1} 

Kabat (1984) 

F 

Exposed from family members 

1.7 (09-3.3) 


M 

Exposed from family members 

0.7 (0.3-1.6) 

Koo (1987) 

F 

Household exposure to cigsmoke 

0.6 (0.2-1.8) 

Peishagen (1987) 

F 

Parents smoked 

1.0 (0.4*2.3) 

Sobue (1990) 

F 

Smoking by father 

0.8(0.5-12) 


F 

Smoking by mother 

1.4(0.8-25) 

Sve/isson (.1989) 

F 

Far her smoking af age 0-9yrs 

0.9 (0.4-2.3) 


F 

Mother smoking ai age 0-9yrs 

3.3(05-19) 

Varela (1987) 

M&F 

Smoking by household members before age 
21 

1.3 (0.9-2.0) 

Wnng (1994) 

F 

Household exposure aged 0-6yrs 

3.5 0.8-6.7) 


F 

Household exposure aged 7.14yrs 

3.1 (1.6-5.9) 


F 

Household exposure aged 15-22yr 

3.1 <1.5-6.31 

W„ (1985) 

F 

Parents in childhood 

0.6(02-1.7) 

Wu'Williams 

F 

Father smoked 

l.l (08.1.4) 

(1990) 

F 

Mother smoked 

0.9 (0.7-1.1) 


Daw arc taken from Lee (1992. Table 3.23) where available. For Foniham (1994) adjusted relative risks 
are predicted. Fool ham’s figures should he regarded with caution; see discussion. 

Wang’s study group includes auivc smokers. 




ETS .rrJ tl Lung Cancer 


4.2.2 Studies Using Markers for ets 

The EPA Report (1992) and Samet (199J) provide a literature on biochemical 
studies which attempt to evaluate the putative association between exposure to 
ETS and lung cancer. 

Overall, the relative risk estimates for lung cancer associated with exposure to 
ETS, based on the cotinine data and extrapolation from active smoking data, are 
consistently smaller than those observed in the epidemiological studies. One 
reconciliation of the discrepancy, proposed by Tweedte and Mengersen (1992), is 
that the latter are biased upward by misclassificalion of active smokers; after 
adjusting for this they obtain consistent estimates from the two sources. 

Attention has also been paid to differences between sidestream smoke (SS), 
mainstream smoke (MS) and ETS. Rodgman (1992) claims that there are 
fundamental physical and quantitative chemical differences among the three. 
Furthermore, partly because of the differences in inhalation amounts and 
retention percentage, the 'dosage of ETS retained is minuscule relative to MS'. He 
argues that there is a threshold effect for exposure to ETS. based on data ahont 
tumorigenicity of the ETS components. Civen that the active smokers must be 
exposed to much higher concentrations and lifetime cumulative doses of all forms 
of fobacco smoke, It is implausible that these differences in biochemical 
properties of SS and MS could account for the inconsistencies in the literature. 

4.2.3 Study Quality 

The quality of the individual studies that comprise the body of literature on 
passive smoking and lung cancer has come under substantial scrutiny; (see, for 
example, Lee, 1992, 1993; EPA Report, 1992;. 

The influence of bias, misclassificalion and confounding has tint always been 
adequately ruled out as a possible explanation for the observed excess risk when 
observed. Caution should be taken in interpreting the reported results of 
individual studies or of any meta-analyses which do account for these problems. 

Major quality issues which, in our opinion, are potentially sources of substantial 
bias, are discussed below. 


Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 
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Definition of Exposure 


Problems with definition of exposure (discussed in Section 2.2.2) apply here. 
These include poor measurement, multiple sources, temporality, degree and 
duration. 


Definition of Outcome: Histological Type 

Mengersen et al. (1994) provide some discussion on the association between 
exposure to ETS and different histological types of lung cancer. Table 4 10 in the 
EPA Report (1992) lists twelve studies which have investigated this association. 
The studies differ in nomenclature, criteria and verification of tumour 
classification, and, the small size of many of the patient groups, resulted in 
unstable risk estimates, particularly in women. Lee (1992) also provides tables of 
the distribution of lung cancer cases by type of cancer (Table 3,4, p.88) and of 
relative risks by type of cancer (Table 3.16, p.110). More recent studies include 
Geretal. (1993) and Fontham (1994). 

Based on all these data, we find no consistency in the evidence about exposure to 
ETS and histological type of lung cancer associated with spousal exposure. 
Mengersen et al. (1994) provide details of results from fourteen studies which 
report on the association between different cell types and exposure to workplace 
smoking for nonsmoking subjects. Again, no consistent results with respect to 
cell type arise from these studies. 

Results on histological type of cancers appear to be inconsistent, both between 
studies and with respect to the distribution expected if ETS is considered to have 
similar effects lo active smoking (as assumed by the EPA in its report). For 
example Lee (1994) slates that "one would [under this assumption) expect to find 
any association with ETS to be more clearly seen for squamous-cell cancer. In fact 
the evidence is conflicting regarding the histological type where the association is 
strongest." 

Various biological models have been proposed to link ETS exposure with 
different histological types ot lung cancer, There does not appear to be a clear, 
agreed view about which cell types would be more susceptible to exposure to 
ETS. Unfortunately the epidemiological literature provides no assistance in 
resolving these various theories with some studies indicating elevated relative 
risk for adenocarcinoma, others for small cell and squamous cell carcinoma. 




These observations illustrate a critical point about the shiriips to dale. Either the 
observed significant associations between ETS exposure and a given cell type are 
due to chance (in which case the key test tor causality thal a sufficiently strong 
relationship is established fails) or, if nut due to chance, then there is 
inconsistency between various papers (in which case another key test for 
causality fails). Thus, consideration of the results concerning cell type shows that 
they cannot support causality on three grounds: lack of strength of association, 
lack of consistency and no clearly established and accepted biological 
plausibility. 

It is unrealistic with (he size of studies completed to date to expect that they could 
support one particular biological hypothesis over another. For the present, and 
until more extensive studies are completed, it seems reasonable to detme the 
outcome of interest to be "lung cancer of any histological type" and considei the 
studies individually or in composite using this outcome measure alone. 


Misclassifi cation 

Misclassificatiort of active smokers, or previous smokers, as never smokers will 
spuriously increase estimates of relative risk of lung cancer associated with 
exposure lo ETS. Pron et al. (1988) arid Urownson et al. (1992) discuss reliability of 
passive smoking histories reported in their case control studies. Tweedie et al. 
(1994) provide a recent model of misdassification of active smokers as 
nonsm >kers in a case-control study, using data obtained from epidemiological 
and related studies. They' show that, with quite reasonable assumptions, relative 
risk estimates could be inflated to 1.46 when no excess risk is in fact present. Lee 
(1992) also provides details of Ihis phenomenon. LeVois and Layard (1994), using 
a reportedly more realistic misclassitication rate of 2.5%, recalculate a summary 
relative risk of 1.00 (95% confidence interval of 0 69 to 1.14) from 13 US studies 
and suggest that application of US derived misdassification rates to other 
countries could be quite erroneous. 

Data appear to be emerging that support the view that misdassification rates 
differ between countries and these differences might explain some of the 
differences in observed relative risks between various countries. If 
misdassification docs differ between various countries (and possibly different 
demographic groups within single countries) then any meta analysis of the 
various studies should attempt lo adjust for this Misdassification of outcome is 


■hi: 
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also a potential problem. In many studies lung cancer is not histologically 
established or is recorded from surrogate reports. 

Lee (1992, pp.128-130) states that misdassification of diagnosis and of ETS 
exposure are not insubstantial but are unable to explain, on their own, the totality 
of observed association. 

Surrogate Responses 

Mengersen et al. (1994) have assessed the impact of the use of surrogate responses 
on the observed association between lung cancer and exposure to spousal 
smoking, for which 16 studies provide relevant data. 

Their Conclusion is that although the use of surrogate data affects study results, it 
does not do so in a systematic way. 


Confounders 

It is our opinion that control of confounders has not been adequate. LeVots and 
Layard (1994) summarise many of the key problems and provide numerous 
references. They state: "In fact, nearly every potential confounder thal has been 
identified is likely to inflate a risk estimate derived from spousal smoking data. 
None of the ETS-lung cancer epidemiological studies adequately accounts for the 
effects of most of the known potential confounders." 

For example. Smith and Liu (1994, Table 10) report significant odds ratios of 9.2 
and 15.0 respectively for women who have cooked for 31-44 years and >4.3 years 
respectively. In the same study passive smoking exposure in the women yielded 
an odds ratio of .9 (not significantly different from 1.0). As a second example, 
rather strong conclusions about the role of diet in lung cancer formation or 
prevention are given in Tables 1 and 2 of Byers (1994), where a summary of 
numerous studies from a vaiiety of countries on the association between low 
dietary intake of Vitamin A or Carotene shows that 34 results had an increased 
risk and 2 showed a decreased risk. The increased relative risks ranged from 1.0 
to 7.2 with two thirds of the relative risk values being above 1.5. 

Many of the relative risks are of similar or greater magnitude than those ascribed 
to ETS. This is supported by Katzenstein (1992) and Lee (1992); See Section 2.2.1 
Lee (1992, Table 3.1.2) provides details of the different adjustments for 
confounders which were referred to in the individual studies. 




It is impossible, within even the largest studies in the collection, to detect as 
significant at the 5% level a risk factor with a relative risk of under about 1.3. 
However three factors, each having a relative risk of 1.1, if present together 
would induce (assuming no interaction positively or negatively between them) 
an observed relative risk of 1.33. It is impossible that confounding risk factors of 
this magnitude would be detected in the studies we have examined. Hence 
although these risk factors would not be detected, they could, in aggregate, 
produce a relative risk at least as large as that observed for exposure to ETS. 

The rrgument just presented could explain why some studies find it necessary to 
adjust for certain putative risk factors while others do not find evidence to adjust 
for the same factors. 

There remains the possibility that a confounder or combination of confounders 
may provide on explanation for the observed excess risk and, further, severely 
restrict the applicability of the results to other populations. 


Publication Bias 

Mengersen, Tweedie and Biggerstaff (1994) demonstrated graphically that such 
bias exists for the association with lung cancer based on exposure to spousal 
smoking. Similar conclusions were reached by Lee (1994) who presents summary 
analyses based on a random effects meta-analysis lor groups of studies of various 
sizes. His results are: 


Study Site 

Number of Studies 

Unadjusted Relative 

Risks 

Adjusted Relative Risks 

. . .. 

Ai least 100 Cases 

10 

1 11 i0.%. 1 20} 

1 12 10 93, 1.33) 

50 to 100 Cases 

14 

I 2S U.iYi. 1 55) 

f.35 (i ll, 1.64) 

Under 50 Cases 

13 

MS fi n, 1.97) 

1 42 f 1.07. i 90) 


These results are consistent with a publication bias against smaller non-positive 
studies. 


Such publication bias may make invalid the EPA (1992) approach to combining 
study results which counts the number of positive (but not necessarily statistically 
significantly positive) studies and assesses the chance of observing the number of 
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Such positive studies. Of course if negative studies are not published they will be 
excluded from the counting. 


Statistical Analysis 

In most of the studies considered there is insufficient explanation provided about 
the exact statistical methods used to analyse the data. Often other critical 
information is omitted so that effects on bias in the results cannot be determined. 
As an example, in Fontham et al. (1994), there is considerable fluctuation in 
sample numbers used in various tables throughout the report. No explanation is 
provided for this. We could assume that they are a result of "item non-response" 
and this would certainly be consistent with use of surrogates for case 
questionnaire completion. However we do not know this. 

Moreover, there are many unexplained aspects of methodology that prevent 
adequate comment being made on the validity of the results presented in 
Fontham et al. (1994) and other reports. Without further independent re-analysis 
or alternative analysis based on sensible assumptions and models the reliability of 
the weak relative risk estimates reported in the various studies reviewed here is 

questionable. 


Representativeness 

A number of reviews have identified concerns about the representativeness of 
subjects in individual studies and the applicability of overall results to particular 
populations (EPA Report, 1992; Lee, 1992, Mengersen et ah, 1994). 

The firs! issue is important when evaluating the individual relative risk estimates, 
since ihere is potential for substantial bias if the subjects are not drawn randomly 
from the target population, if ihere is a large nonresponse or dropout rate, or if 
cases and controls are not comparable with respect to important risk factors. 

[n some of the Studies on ETS and lung cancer, the control groups include 
somewhat extreme subgroups (A-bomb survivors, Akiba; those with high cancer 
risk; Hole), patients with other types of cancer, other hospital patients, subjects of 
other health studies and people drawn from the general population. It may be 
argued that a relative risk that is observed over such different groups lends 
support to a causal relationship. However, these differences should be more 
thoroughly considered before allowing such support. Lee (1992, Table 3.5 and 
text) provides quite detailed discussion of this issue. Lee (1994) compares the use 
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of studies which employ healthy controls with studios which use diseased 
controls and finds an indication lhat the use of diseased controls ipads to an 
elevation in relative risk attributed lo exposure to ETS. 

Overall estimates obtained from a meta analysis may not be applicable to 
particular populations. The above reviews have all identified substantial 
differences in risk estimates between countries. One possible explanation of this is 
that important region specific confounders have been ignored. LeVois and 
Layard (1994) report a highly significant (P-value < .001) inconsistency between 
the summary relative risks for six country-specific groups of female spousal 
studies considered by the EPA (1992). ft is more Jikely that these differences are 
the product of uncontrolled biases and confnundcrs winch vary from region to 
region. 

Study Size 

Overall the studies provide information on about 1000 cases, the great majority of 
whom are females and over half of whom are from Asian countries, 

Although many studies ronlair) a substantial number of enrolled subjects, the 
analyses of nonsmokers or neversmokers by outcome and level of exposure are 
often based un .quite small numbers which is reflected in wide confidence 
intervals. This exacerbates any effect of poor study quality, reduces the ability of 
the study lo detect a real increased risk and obscures potential exposure-response 
relationships Wu (1985) and Lee (1986) have only 10 unexposed cases, while the 
analyses of Hole (1988), Humble el al. (1967) and inoue (19SS) are based On even 
smaller numbers of cases (n=l, 5, 4 respectively). Any observed statistical 
significance (or lack of it) should be evaluated in light of these sample sizes. 

4.2.4 DOES EXPOSURE TO ETS CAUSE LUNCi CANCER IN ADULTS? 

We now address each of Hill's criteria for causation. 

Strength 

It is our opinion that the observed association is not strong. This is based on the 
following observations: 

Chance: Of the studies of females identified in Tables 4.2.1.1, 4.2.1.2, 4.2.1.3, 
chance is not ruled out as a possible explanation in most of them 
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Overall, a statistically significant increase in relative risk of the order of 10-20% 
has been derived through meta-analysis. A smaller and nonsignificant overall 
excess risk has been found for females exposed to smoking in the workplace. 
Although the point estimates for the two sources of exposure are greater for 
males, they are not significantly different from unity and their interpretation is 
difficult due to the great variation in individual estimates. 

Study Quality: problems in the quality of individual studies have been identified 
by most authors and groups who have reviewed the literature and are 
summarised above. These have not been addressed with sufficient rigour in the 
literature to determine whether these problems could account for the observed 
excess risk. As discussed in detail above, increases in relative risk of the order of 
10 -20% could be explained readily by misdassification of a small number of cases. 

Confounders: There are a number of risk factors for lung cancer. Similarly, there 
are many sources of the constituents of ETS. The individual studies are 
inconsistent in their selection of and adjustment for confounders. Moreover, the 
variability between estimates may indicate that important confounders have been 
overlooked, casting doubt on the representativeness of any overall observed 
association. 

We conclude that confounders have not been adequately ruled out as possible 
explanations of the reported association. 

Consistency 

In contrast to the conclusions of the EPA (1992) we are of the Opinion that the 
requirement of consistency is not satisfied by the body of literature. 

Of the studies based on spousal exposure which are listed in Table 4.2.1.1, eight 
report an unadjusted relative risk which is less than (but not statistically 
significantly different from) unity; five are significantly greater than unity. Two 
remain less than unity after adjustment for some (different) confounders, and only 
three of the positive studies reporting confidence intervals are statistically 
significantly positive. For the studies based on workplace exposure eight of the 
eighteen reported relative risks are less than unity, only two are statistically 
Significant. 

Consistency also fails to be established between countries (with no agreed 
explanation for the observed inter-country differences). 


so 




ETS and Lung Cancer 


As discussed above there is also considerable lack of consistency between results 
for different histological types and for differing sources and amounts of ETS 
exposure. 

.Specificity 

That lung cancer may have many possible causes is clear from the recent review 
volume of Samet (1994). There it is suggested that (page v.) "lung cancer has 
causes other than cigarette smoking: Exposure to arsenic, asbestos, chloromethyl 
ethers, radon progeny, and other agents in the workplace; outdoor air that has 
been contaminated by carcinogens generated by power plants, industry and 
vehicles; indoor environments, such as homes, schools and businesses where 
radon is omnipresent, have all been linked to increased lung cancer risks. Even 
non-smokers inhaling the smoke generated by active smoking arc at some risk of 
lung cancer”. Some of the literature that suppoits this statement appears to be 
speculative and (apart from literature on exposure to ETS and lung cancer) has not 
been reviewed by us in preparing this report. However it is clear that the 
Scientific community holds it to be possible that lung cancer can be caused by 
agents other than cigarette smoke. 

Magnitude of specificity cannot be asserted: the overall relative risk is not strong 
and is smaller than many of those associated mill other potential risk factors. 

Temporality 

No study takes adequate account of this issue- Studies based on current exposure 
do not verify consistency of exposure. Those based on past exposure are subject 
to recall bias, and do no! present a discussion N the anticipated lag time between 
exposure and response. 

Biological Cradient 

As discussed in detail above, no statistically significant exposure-response 
relationship distinct from an overall association has been documented either 
consistently in individual studies or with meta-analysis techniques. The possibility 
of a threshold response has not been explored systematically. 
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Biological Plausibility 

Biological plausibility rests on evaluations of the concentration and toxicity of 
constituents nf ETS, the magnitude and duration of exposure, the actual exposure- 
response relationship if present, and consideration of histological types of lung 
cancer. All of these issues have been debated. 


Experimental Evidence 

There is no direct experimental evidence of the association between ETS and lung 
cancer in humans. Such experiments would be regarded as unethical in spite of 
the uncertainties of the epidemiological evidence. 

Indirect experimental evidence, such as that reported by the EPA (1992, p.1-9), 
relies on the strength of the equivalence between the possible, putative or 
possible biological mechanisms, exposure levels and analogies between the 
experimental animals and humans. 

Analogy 

The immediate analogy is with active smoking, but as stated above it is made on 
the basis of a number of assumptions about which there is still some dispute. (See 
Section 1 of this Report.) Other carcinogens such as radiation and asbestos have 
been regarded as having no threshold dose but these have also been debated in 
the literature. 

Conclusion: 

Even under a liberal interpretation, only three of these tests might be considered 
to be passed: biological plausibility, coherence and analogy. All of the tests 
which require 'evidence', in the form of epidemiological, biological or 
experimental data, are failed or are at best equivocal. 

It is our opinion, based on a thorough review of the available literature and the 
above evaluation, that although there is an apparent overall positive association 
between exposure to ETS and lung cancer in adults it is very weak especially in 
view of the potential for this association to be influenced by uncontrolled biases 
and confounders. Taking into account all of the above tests a causa] relationship 
between exposure to ETS and lung cancer cannot be asserted at this time. 
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4.3. heart Disease in Adults 


Based on two cohort studies (Garland. 19.x>; Hirayama. 1981), the NH&MRC 
Report (1986, p.'lO) stated that "only limited evidence exists for any increased risk 
of cardiovascular disease in passive smoker.-’ and thal "it is essential to pursue 
this question further". This conclusion was broadly supported by the Reports of 
the Uniled Slates Surgeon-General (1986) and the National Research Council 
(1986) 

There are now 1*1 published epidemioiugu.il studies and more data from 
biological and experimental studies. It is lie goal of this section to summarise 
these and to evaluate the overall support lor •> causal relationship between 
exposure to E 15 and heart disease in adults 

4.3.1 EPfDBMiouXiJCAL. Studies 

Based on comprehensive searches of the literature we have been able to locate M 
epidemiological studies reporting on the relationship between exposure to ETS 
and heart disease. We are also aware of two other studies conducted in Australia 
(an Honours thesis by Liew (1992) and an unpublished PhD thesis by Sexlon 
(1993)) which apparently report on the association between heart disease and ETS 
exposure, but we have been unable to locate these. 

In the following discussion, we focus on the most recent published paper 
describing each study. For example, Hole ct at. (1989) updates a report by Gillis et 
al. (1984); Hirayama (1984) updates his 1981 paper; Sandler (1990) updates both a 
1989 report and Helsing (1988). 

We have also considered a number of public reviews of these studies, including 
Reports by the Surgeon General (1986), NRC (1986), NH&MRC Report (1986), 
OSHA (1994). Other published reviews and discussion papers which have read 
include those by Wexler (1989, plus discussion), Beaglehole (1991, with reply by 
Seltzer), Clantz and Farmley (1991), Sleenland f 1992) and Taylor (1992). 

A short summary of these epidemiological sin.lies is provided in Table 4,3.1.1. 
More detailed reviews and tables are provided by Lee (1992) and Ihe review 
articles. 
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Of these studies, 7 are case control conducted in Australia (1), England (l), China 
(2), USA (2) and Italy (]). Seven are cohort studies conducted in USA (5), Scotland 
(1) and Japan (1). 

Dobson's (1992) population-based case control study, conducted between 1988 
and 1989 in NSW Australia, is arguably one of the best with respect to design, 
analysis and reporting. This population-based case control study, which 
considered exposure at both home and work, was designed specifically to study 
the association between heart disease and exposure to ETS. Controls were drawn 
from participants in a risk factor survey and the outcome was myocardial 
infarction or coronary death. This is the only study which provides details for an 
Australian population. 

As discussed below, there are some fundamental differences between the studies 
with respect to design, definitions of exposure and outcome, study size, method 
of analysis, control of bias and confounding, and reported results, The 
consequent issues of study quality are addressed below. 

Exposure to Spousal Smoking 

All 14 studies listed in Table 4.3.1.1 provide some information on the relative risk 
■ if heart disease (variously defined) associated with exposure to ETS, as measured 
>y spousal smoking. 

is indicated in Table 4.3.1.1, although many of the studies have a large number 
f enrolled subjects, the number of cases may be quite small. This is reflected in 
ie variety of reported relative risk estimates. While for females there are almost 
qua] numbers of significant and nonsignificant estimates (at the 5% level), all but 
ne of the five estimates for males are nonsignificant. Furthermore, an exposure 
■sponse relationship is more often reported for females, whereas in only one 
udy was a significant relationship reported for males and then only for death as 
i outcome. 

lution must be taken in interpreting the exposure response data: most studies 
•nsider only two exposure categories and quite different categorisations are 
ted. Results are predominantly based on small numbers of cases in these 
tegories. For example, Svendsen (1987) reports a significant relationship, but 
is is based on only one death in the 1-19 cigarettes exposure group. 






Workplace Exposure 

Relative risk of heart disease associated with workplace exposure is considered in 
four studies (Dobson et ai., 1992; He el al., 1994; Lee et al., 1986; Svendsen et ah, 
1987), 

While He et al. (1994) reports a significantly larger relative risk estimate associated 
with exposure at work, the other three papers find no such association; indeed 
Lee et ah (1986) and Dobson el al. (1992) report relative risk estimates which are 
Jess than unity, although apart from some subgroups in Lee's study these are not 
statistically significantly lowered. 

In comparison with estimates for Spousal exposure. He et al. (3994) report a larger 
relative risk from workplace exposure, whereas Lee and Dobson report 
comparably smaller estimates for both sexes. In lie's study an additive effect of 
the two exposures is supported. 

He et al. (3994) also report a significant exposure response relationship, based on 
four measures of exposure, but cautions that the trend is "not precise enough for 
risk assessment for unit dose of exposure". The other studies do not address this 
issue.' 

The relatively small numbers in the studios when divided into dosage categories 
leads to two problems. First, it is very difficult to establish a relationship even if 
one exists due to lack of power. Second, the effect uf misclassificalipn is amplified 
since a larger bias is observed ivith fewer misclassified subjects. 


Previous Assessments 

Lee et al. (3992) provides quite comprehensive summaries of the eight relevant 
studies available at the time; importantly, Dobson el al. (1992) is excluded, based 
on this information, Lee concludes that there is no causal relationship between 
ETS exposure and heart disease. This is in contrast to the review by Steeniand 
(3992), who on the basis of these studies, is sufficiently certain of a causal 
relationship that he can estimate annual attributable deaths. The EPA Report 
(1992) does not address the outcome heart disease. 

Glantz and Parmley (1991) also provide an overview of the "evidence" lhat ETS is 
causally associated with heart disease and consequent calculations of attributable 
annual risk, and an overview of the various biological mechanisms which might 
cause this association. There is no critique of the weaknesses in the papers, and 
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the authors appear to accept without demur the analysis of Wells (1938) and 
Kristensen (1989) that the link is causal. No new data or analysis is given to 
support this conclusion. Moreover, we disagree with some of their reported 
numbers, relative risks, and lists of factors for which adjustment was made- We 
also dispute the validity of the meta-analytic method used by Glantz and Parmley, 
although their overall relative risk is a reasonable estimate. As we discuss later, 
the biological papers are also problematical. 

The Occupational Safety and Health Association (OSHA) Report (1994) also 
reviews these epidemiological studies and provides estimates of deaths 
attributable to occupational exposure in the USA. In an npen review, Tweedie 
(1994) argues that the positive association asserted in the report is instead 
ambiguous and that the data related to workplace exposure to ETS are quite 
equivocal at Ihis time. The OSHA Report asserts that five of the 11 studies give 
statistically significant elevated relative risks, and all are positive, whereas 
Tweedie believes that onty 2 are significant, since Helsing et at. (1988) and 
Sandier et al, (1989) are actually the same study, and 3 are less than unity. Apart 
from the Chinese study of He et ai. (1994), none of those that considered 
workplace smoking was unequivocal and one of them (Dobson et al., 1992) 
report a negative excess risk. 


Mela analysis 

A meta-analysis of the overall association between exposure to ETS and heart 
disease has been published by Lee (1992). Apart from using only the eight studies 
then available, the fixed -effects method used in the analysis has since been found 
to be possibly too restrictive in its assumptions about the homogeneity of study 
estimates (see, for example, Mengersen, Tweedie & Biggerstaff, 1994). 

Moreover, then (as now), there are overriding concerns about study quality and 
comparability that render any overall results from a simple model quite invalid. 
A meta-analysis in this case is useful for highlighting differences between studies, 
which include the following. 

The study designs are not comparable. There is substantial difference in design 
between case control and cohort studies. A multiplicity of statistical methods 
have been employed, including proportional hazards models, Mantel-Haenszel 
estimates, logistic and multiple regression, Fisher's exact test and exact unadjusted 
confidence intervals- 
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The studies do not measure the same outcome or exposure. Death and nonfatol events 
are both considered. Exposures from spouse, home, work, and combined 
estimates are variously reported, tn previous meta-analyses these have simply 
been combined; this may render the results invalid if there is a true difference in 
relative risk between the various measures. 

The study populations are not comparable. In the study of lung cancer, it has been 
observed that different relative risks may apply to different countries, indicating 
that important confounders may have been overlooked, this issue is discussed in 
more detail below. If one wishes to apply results to a particular population, it is 
valid to combine onty studies measuring associations in equivalent populations. 

The relative risk has not been established to be constant over time. There is substantial 
literature which asserts that mortality from heart disease is decreasing in Australia 
but the reasons for Ihis are not yet well understood (Al-Rocmi et at., 1989; 
Jackson & Beaglehole, 1987, among many others). If other risk factors or patterns 
of exposure have also changed, a summary relative risk estimate over all time 
periods may be invalid and, moreover, inapplicable to the current population 
(Breslow & Day, 1987, p.110). 

Confounding factors are ttoi adequately controlled. There are over 200 suggested risk 
factors for heart disease (Hopkins St Williams. 1981). Although many of these are 
linked, the most that any one study adjusts for is six, with different factors 
considered in the individual studies. Of primary concern is diet. Recent studies 
(Margetts & Jackson, 1993; Bolton-Smith et al., 1993; Midgette et at., 1993), 
including the epidemiological study by He et al. (1994), indicate that diet could 
be an important confounder. 

The results may be subject to misclassifictition and bias. In addition, there are 
numerous examples ot data dredging ami hypothesis generating in the studies 
These issues are discussed in more detail bclov. 


Study Quality 

As discussed in Section 2, it is important to evaluate reported results in light of 
Study quality and it is imperative to take this into account in an assessment of 
causality. 

Some concerns about the studies on heart disease are expressed below. Other 
issues have been raised in the above reviews. 
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Definition of Exposure 

In the studies, there is no consistent definition of exposure to ETS- Most studies 
define exposure in terms of spouse smoking, with the most common 
categorisation being as neversmoker, ex-smoker and current smoker, and 
quantification of current smoking in terms of number of cigarettes/day smoked 
by the spouse. Even within this definition, there are differences. Lee (3986) 
measures spouse smoking of manufactured cigarettes during the whole of the 
marriage. Helsing et ah (1988), Hole et at. (1989) and Dobson et al. (1992) define 
exposure in terms of cohabitants (not necessarily spouse) and even their 
definitions differ with respect to the time of exposure. He et al. (1994) defines 
passive smoking from the spouse as 'living with a smoking husband for over five 
years' and reports five different measures of exposure at work (Table 4.3.1.2), 

The problems with the use of spouse smoking as a proxy for exposure to ETS, and 
consequent problems of misdassification and bias, have been discussed in Section 

Definition of Outcome 

Although all studies measure heart disease as an outcome, three outcomes are in 
act identified: death, nonfatal hpart disease event, or both fatal and nonfatal 
lisease. Ali of the cohort studies define death as the outcome measure, although 
ome consider nonfatal outcomes as well (e g. Svendsen e( al. (1987) recorded 
eart attack or death). Lee et al. (1986) uses a final discharge diagnosis of disease; 
le (1994) considers non-falal disease, and Dobson et al. (1992) and Svendsen et al. 
987) consider fatai or nonfatal coronary events. Based on the epidemiological 
ata alone, it is difficult to evaluate the effect of having different outcome 
easures. If different risks were associated with death and event (not necessarily 
tal), we might expect contrasting risks between the case control and cohort 
udics. This may well be Confounded, however, with other design differences 
rtween the two study types, and different sources of bias and misclassihcation. 
any event, comparison and combination of results from different studies 
ould be conducted with caution. 

ie Surgeon General's Report "Health Consequences of Involuntary Smoking" 
186, p.106) states that "more detailed characterisation of exposure to ETS and 
ecific types of CVD (cardiovascular disease) associated with this type of 
posure are needed before an effect ol involuntary smoking on the aetiology of 
'D can be established." In our opinion this statement is still valid today. 
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Misdassification of Smoking Status 

Misdassification of smoking status is one of the major problems in both the case 
control and cohort studies. Ehibson et al. ( 1092 , p.796) suggests that in their case 
control study, cases may underreport smoking and hence reduce the magnitude 
of estimates of risk, or may exaggerate smoking status as an explanation for the 
disease. Hence'the observed risk could be spuriously raised or lowered. 

Svendsen et al. (1987, p.793) made careful measurements at baseline and followup 
to rule out misdassification of active smokers as nonsmokprs. They found no 
such differential misdassification. 

In the studies of Hirayama (1981), Helsing et at. (1988) and Sandler et al. (1989), 
the smoking habits of both subjects and spouses were ascertained at the 
beginning of the study and were not updated during the study period. There is 
no information about the number of subjects or spouses who changed smoking 
habits during this period. 

He et al. (1994) provide some information on retesting 35 hospital subjects (16 
cases and 19 controls). He reports 75% to 95% agreement on 10 risk factors tests. 
Agreement on exposure was 74.3% (workplace) and 91 4% (home), but they 
"expect lower agreement fur quantity of exposure". Unfortunately there is no 
information about whether there were any differential rates among 
exposed/unexposed or cases/controls. The authors comment that in this study 
there was no validation of exposure by cotmine. Yet conclusions arc based 
largely on the quantity of exposure- 

The effect of this type of misdassification has been studied by Lee (1986), Ahlbom 
and Liberia (1988) and Wald et al. (1986) Twecdie and Mengersen (1994) advocate 
a data-based sensitivity approach to assessing the effects of differential 
misdassification. Using a variety of published estimates of misdassification and 
marriage concordance, they demonstrate that rotative risk estimates of up to 1.15 
can be observed even if the true relative risk is unity. Since this is of the order of 
relative risks observed for heart disease, it is imperative that this source of bias be 
addressed in each individual study. 

Misdassification of Exposure 

The majority of (lie epidemiological studies record exposure through spousal or 
household smoking (most commonly cigarettes per day and pack-years). As 
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discussed in Section 2, these measures are very poor indicators of true ETS 
exposure. 

Indirect Reporting of Subject ond Spouse Status 

In Svendsen's (1987) study the spouse's smoking status was based on the 
husband's report. It is not dear in the Hirayama (1981) study whether the subjects 
or the spouses provided information about spousal smoking habits. 

Lee et al. (1986, p,99) provide empirical evidence ol misdassification of spouse 
smoking status using interviews of the spouse, the index patient, and both sources 
of information. Relative risks varied considerably, for example from 0.75 (based 
on index patient information) to 1.60 (based on spouse information) for females, 
but no consistent pattern was observed. Discrepancies were seen for 15% spouses 
with respect to smoking at some time during the marriage and 3% with respect of 
smoking during the year of hospital interview. 

Misdassification of Outcome 

Death certificates were used in Hirayama's (1981) and the Helsing et al. (1987) 
studies; this is an acknowledged source of potential misclassification. Some 
published estimates of misclassification due to reliance on death certificate 
information for lung cancer are 8% (Garfinkel, 1980, p.1171), 10% (Uberla, 1987, 
p.424). Wexler (1989) and Stehbens (1990) discuss this problem in the context of 
heart disease; misclassification rates of over 25% have been reported. Lee et al. 
(1986) uses hospital records in the ascertainment of cases. In his (EiVUmg cancer) 
study, Garfinkel (1981) found a strong association based on hospital records and a 
much weaker association aftpr partially correcting for it. 

He et al. (1994) report that 26 out of 84 patients originally diagnosed with 
cardiovascular disease were subsequently confirmed by coronary arteriography 
to be normal. This group was reportedly not different from other controls with 
respect to proportion exposed, but they were indeed different from cases. Hence 
if they were included as cases, the true relative risk would have been 
underestimated. Vet even with this very good assessment of the status of the 
controls the relative risks were still not significant. 

Confounding and other Risk rectors 

Consideration of the entry criteria for each study indicates the sometimes poor 
and certainly inconsistent (berween studies) control of possible confounding 
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factors. These include age, sex, degree of exposure, health (blood pressure, 
cholesterol, obesity, previous history of heart disease, alcohol intake) and lifestyle 
(socioeconomic status, education, housing quality). 

As indicated in Table 4.3,1.2, there is inconsistent control of these possible 
confounding factors. Furthermore, the risks alter adjustment for the factors are not 
consistently raised or lowered from the cruii, 1 risk. For example, Svendsen (1987) 
found no difference after adjustment, whereas adjustment made a very large 
difference to the risks in Helsing's (1988) study. 

While ail studies adjust for age, there remains concern (hat this adjustment is 
inadequate, For example, the age of the study group differs among studies: 
Sandler sets a minimum age of 25 years; Garland et al. (1985) consider only 
Subjects aged 50-79 years. Despite this, there is no consistent pattern of risks for 
studies of similar age groups. Furthermore, adjustment for age is not consistent 
among studies. For example, Hirayama (19SI) does not use the standard cohort 
analysis methods (e.g. proportional hazards models, multiple/logistic regression) 
and standardises by age of spouse instead of age of subject. Unfortunately we 
cannot assess the effect of this using the available data. 

Lee (1991, p.24) argues that "knowing the age distribution of a group of cases and 
controls is similar does not necessarily imply that the age distribution of cases and 
controls who never smoked is comparable, and it is the latter requirement that is 
needed for proper adjustment for age." 

Roe (cf. Wexler, 1989, p.164) argues that measures like cholesterol or 
socioeconomic status are not sufficient indicators of lifestyle. The large differences 
between observed risks for men and women is not adequately explained in any 
Of the papers. Less well acknowledged confounding factors may also materially 
influence results. 

One such factor is previous heart disease, studied only by Dobson (1991, p. 796), 
who found it to be a significant confounder for smoking and the risk of heart 
attack or coronary death. Other factors which have* been found to be possible risk 
factors for related diseases {e.g. in the lung cancer studies, nutrition (Hirayama, 
1984), asbestos {Humble et al., 1987)) were rv>i considered in the heart disease 
studies. 

Diet is another important confounder which h is been quite widely documented 
(Fleet al., 1994; Hirayama, 198=1; Akiba et al.. I9S6) A substanli.il difference in 
dietary habits among active smokers comp,nod with nonsmokers has been 
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reported (Midgette et al., 1P93; Margetls & Jackson, 1993; Bolton-Smith et a!., 
1993; Lee, 1992). Among nonsmokers, relative risks have been observed for heart 
disease associated with various dietary /actors which are at least as high as that 
observed with ETS exposure, if there is indeed a differential effect between those 
exposed and unexposed, or between cases and controls, such a confounder could 
easily explain the ETS association. As illustration, although He et al. (1994) reports 
a crude relative risk estimate of 2.12-2,45 (depending on source), after adjusting 
for cholesterol (among other factors) the reported values in lable 4.3.1.2 are not 
significant. 

In light of these concerns, while it is obviously important to control for major 
confounding factors, the adjusted risks reported In the papers should be treated 
with caution. 

Data Dredging 

There are a number of data dredging examples in these studies. Most of the 
analyses were based on subgroups of larger studies- For at least three analyses 
(Svendsen et al„ 1987; Hirayama, 1981; Lee et al., 1986), data on ETS was obtained 
only in the latter part of the larger studies. In some papers, the lag between 
finalisation of the study and publication of the results is noticeable. For example, 
(he Garland et al, (1985) study finished in 1973. 

\s a consequences of this, results may be hypothesis generating; that is, they 
ihouid not be used to lest hypotheses that were not specified prior fo the start of 
he study. Furthermore, the analysis is more subject to selection bias since the 
■tudy populations were already established. 

n individual studies, specific subgroups are identified separately or combined, 
’.iving rise to potential for internal data dredging. If these categorisations were 
lecided in advance, this is a useful way of avoiding confounding; if not, it may 
>e data dredging. Some illustrations of this are given below. 

Jarland presents results for ex-smokers and current smokers, then uses a 
ombined risk by merging the two exposure categories. This avoids the anomaly 
f most (15/17) deaths occurring in the ex-smoker exposure category, and 
rovides more power for an estimate of combined risk. Not only is the 
aterpretalion of this risk difficult, but it may be an artefact of data dredging. 

exposure response relationships are evaluated using arbitrary and inconsistent 
losage levels. Even using the same measurement as cigarettes/day, dosages 
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range from 1-19/20+ (Svendsen), to <10, 10-20, 20+ (Humble) to 1-14, 15+ (Hole). 
'Scores' used by Helsing and Lee are also seemingly arbitrarily combined. Given 
the small numbers of cases in these studies, changes in dosage levels may result in 
quite different interpretations of a dose response relationship. 

Hirayama controls for age of husband instead of age of subject. If data are 
standardised for age of subject, the association reported by Hirayama disappears 
(Lee, 1992). 

Risks published in Hirayama's 1981 paper are standardised for age and 
occupation, whereas standardisation in (lie 198-1 paper was based only on age. 
Hence the large discrepancy between the reported risks in Hie two papers is 
either due to a very large increase in incidence of heart disease among exposed 
subjects (a risk o( about 5 in tire latter part of the study which Lee (1992) argues is 
"implausible" when compared with the first i4 years, or with active smoking 
risks) or it is a result ol data dredging. 

Day (1985, p.22) supports the argument that the search (Or subgroups which 
achieve nominal significance "tends to generate spurious positive results". He 
cautions that such positive results for subgroups should lie consistent across 
studies; this is nol apparent m the set ol El. -/heart disease studies. Day also 
comments that a real effect may be masked if ifv data are subdivided in an effort 
to control confounding factors. 

Nonresponse and loss to followup 

Various authors provide percentages of nont. spondenfs: Hole, 20%; Humble, 
8%; Helsing, 2%; Gillis, 20%; Garland, 18%; Dobson, 20-37%; He (1994) 20% 

Three authors provide percentages of subjects lost to followup: Svendsen, 0%; 
Garland 1 , 0.4%; Sandler/Helsing, 85% (or males and 51% for females. 

Criqui et al. (1978) are reported by Dobson (1991, p.795) to have examined 
differences between respondents and nonrespondents in a population based 
cardiovascular disease study; their conclusion is that 'people who respond to risk 
factor surveys are less likely than nonrespomients to be smokers'. This is 
supported by Dobson, who compares nonrespondenls and respondents with 
respect to smoking prevalence rales and concludes that nonresponse among 
control subjects can lead to underestimation of prevalence of smoking and 
consequently an overestimation of relative risk. 



1 


Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 





PM3003531245 


Independent Working Group 


ETS and Heart Disease 


Health Effects ef ETS 


Kepresentativeness 

In addition to problems of nonresponse and followup, some of the cohort study 
populations appear to be unrepresentative of the general population Garland 
uses a cohort of women in a Californian retirement community; Svendsen 
analyses results for men at high risk of heart disease; Hirayama studies an 
agriculturally based cohort of women in 29 nonrandomly selected centres. A 
further instance of nonrepresentativeness is given by Sandler/Helsing, who only 
records as cases members of the cohort who die within the country. This may be 
a source of bias but there are no data to quantify this and Helsing does not 
discuss it. Similarly, the case control studies are quite different. Lee's study is 
matched and hospital-based, whereas Dobson's is a population based study. 

One obvious misrepresentation due to failure to control for a confounding factor 
is found in Hirayarna's study. As discussed above, the age distribution of the 
study cohort was not representative of the Japanese population (Ahfborn & 
(JberJa, 1988). After appropriate age-adjustment in Tweedie's.(l991) method, there 
is no significantly increased relative risk for the heavily exposed group. 

Prejudgement Bins 

rhis fype of bias applies when a study is conducted using an hypothesis other 
han one of no association. For example. Garland tests the hypothesis that there is 
n increased risk of death from ischaemic heart disease associated with exposure 
j spouse smoking, and uses one-sided significance tests accordingly. Similarly, 
[irayanta uses one-sided significance tests. 

here are two problems arising from this. The first is that the possibility of a 
egative association is excluded. The second is that adjustment for confounding 
ictors may be utfluenced by the hypothesis. This is argued in more detail by 
leiss (cf Wexler, pp 154-5). 

ublication Bias 

lis is discussed in Section 2 and may be relevant when evaluating the present 
socialion. 

tcall Bias 

i discussed in Section 2, cases may recall such exposure more readily than 
ntrols. If this is not taken into account, it may lead to spuriously inflated 
served relative risks. 
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Broken Heart Syndrome 

Garland et al. (1935, p.649) examined whether widowhood results in increased 
risk of death because of the so-called 'broken heart syndrome', but found that it 
was unrelated to the excess mortality. 

Attributable Risk 

Estimates of attributable risk have been must recently made in the OSHA Report 
(1994). A "lifetime occupational risk" of heart disease for exposure to workplace 
ETS is calculated to be 7-16 per 1000 nonsmoking workers. 

Tweedie (1994), in a critique of the OSHA Report, refutes these estimates. He 
claims that "the logic underlying them is l,m.'ly...und the data used in deriving 
them are not appropriate, leading at the vert least to an exaggeration of the real 
situation" (p3). From Australian data un.i the National Henri Foundation 
summaries of population attributable fraction--. Tweedie finds thnl less than 4% of 
Australians die from heart disease between th. ages of 20 and 6S, with 65-80% of 
these attributed to active smoking (15%), hiy.ii blood cholesterol (30-40%) and 
high blood pressure (20-25%). It is difficult to r-concile these figures with OSHA's 
prediction that 33% of deaths before 65 are due tu heart disease, and that over 1/3 
of these deaths among nonsmoking males is caused by workplace exposure to 
ETS. Moreover, taking incidence rates proposed by Steenland (1992), Tweedie 
finds that the effective annual risk in the lower age group is totally negligible and 
that thyre is an effect only 1/3 that used by 0611A which is over only the latter 20 
year period. 

One of the present authors (KM) has reviewed this argument in detail and 
Supports this criticism. 

This illustrates the fact that attributable risk estimates are only as sound as the 
estimates and models on which they are based It is imperative that, if they are 
used at all, they are accompanied by substantial sensitivity analyses which 
indicate the range of estimates that could be generated under alternative 
supportable assumptions. In particular, it is our belief that the conclusions and 
extrapolations made in the OSHA report should be treated with very considerable 
caution. 
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4.3.2 biochemical analyses 

Cotinine, a metabolite of nicotine, is reportedly a common and effective marker 
of tobacco smoke intake for passive smoke dosimetry (NRC Report, 1986, p.226; 
Darby & Pike, 1988; Repace & Lowry, 1990). 

Other biochemical markers have also been used. Dobson (1991) identified 
• fibrinogen as a marker for exposure to ETS. The association between fibrinogen 
and passive smoking was positive but not statistically significant. 

Tweedie and Mengersen (1992) provide a reconciliation of the biochemical and 
epidemiological results for exposure to ETS and lung cancer. Adopting [heir 
assumptions we may use their argument to assess the overall relative risk for 
heart disease, from comparable estimates for active smoking. The Surgeon 
General's Report (1986) quotes relative risks for the latter from 1,36 to 2.08, 
depending on country and age group, for coronary heart disease; Dobson (1991) 
reports adjusted relative risks of 4.70 for women and 2.71 for men, for myocardial 
infarction Or coronary death. If we use a relative risk of 4 for heart disease 
associated with active smoking, then their calculations reveal that, due to possible 
misclassification of active smokers, an observed relative risk for heart disease 
associated with exposure to ETS should be reduced by 0.08. 

4.3.3 Biological studies 

On the basis of epidemiological, physiological and biochemical evidence Glantz 
and Parmley (1991, p.10) conclude that ETS causes heart disease. In addition to the 
epidemiological studies Giant? and Parmley review three lines of biological 
evidence: 1) effect of ETS on exercise tolerance in healthy persons and in those 
suffering from preexisting CHD; 2) effect of ETS, or components of ETS, on 
platelet aggregation and endothelium; 3) effect of carcinogens in ETS on 
itherngenesis (in line with the hypothesis that lesions are equivalent to tumours). 

n our opinion the biological papers quoted by Glantz and Parmley as supporting 
heir claim have numerous weaknesses and flaws and do not support a causal 
elationship. Even the associative evidence is weak. 


educed Exercise Tolerance 

here is evidence that ETS may significantly increase ischaemic stress in people 
nth preexisting CHD (Khaifen & Klochkov, 1987; Aronow, 1978). Healthy 
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persons, however, are either not affected (Khaifen & Klochkov, 1987) or are only 
marginally affected (McMurray et al., 1985). Glantz and Parmley emphasise the 
findings of McMurray ei al. yet an examination of the data reveals that the actual 
differences are very small and the significance only marginal. Figures 1 and 3 
illustrate how small the differences are in reality. 

In support of the exercise data Glantz and Parmley quote Moskowitz et al. (1990) 
who investigated the correlation between passive smoking in children (whose 
parents smoked) and lipoprotein and oxygen transport alteration, and 
Gvozdjakova et al. (1984) who investigated the effects of passive smoke on the 
energetic processes of myocardial mitochondria. With respect to the former paper 
the authors did find an association between thiocyanate, as a marker for ETS 
exposure, and 2 3 diphosphogiycerate, as a marker for oxygen stress, but only for 
maternal not paternal smoking, Several confounders, including thiocyanate from 
dietary sources, and genetic variability in DPG, could affect (he results. The 
differences between "non-smoking twins" and "smoking twins" are also very 
small with increases in DPG averaging only about 6%. Thus the strong inference 
in the Glantz and Parmley paper that the data are ol great importance is not 
warranted. 

With respect to the paper by Gvozdjakova et ,il. this too is given prominence yet 
the model used, exposure of rabbits to El'S, is not very different from active 
smoking (carboxyhaemoglobin levels of 6.68% which is about the same as in 
humans after active smoking - 5.95%). To extrapolate the results to passive 
smoking and to chronic effects is not warranted. 

Glantz and Parmley then report on the effect of CO on myocardial damage 
(Kjendsen et al., 1974; Thomsen & Kjeldsen, 1974; Lough, 1978). The data are not 
convincing and importantly damage only occurs at higher levels of exposure 
(200-300ppm) and then not in all animals, it is notable that there were no changes 
at a lower level of 50ppm. In the Thomsen and Kjeldsen paper there is also 
evidence of recovery from damage induced by I80ppm over 48 hours. Thus any 
effects may be very short term and the cells may adapt. Tile biological plausibility 
is therefore questionable on several counts and the relationship to ETS and 
atherogenesis is at best tenuous. A number of studies have reported that CO is not 
atherogenic (reviewed by Smith & Stctchen, 1993). 
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Platelets and Endothelium 

Glantz and Parmley refer to several papers reporting that ETS increases platelet 
aggregation and damages endothelium, two events which may increase the risk 
of CHD. Several papers by Davis et al. (1985a, 1985b, 1986, 1987, 1989) are quoted. 
There are a number of weaknesses in these studies, noi the least of which is a lack 
of correlation between platelet factor 4 and nicotine levels across individuals. 
There is also considerable variability between individuals. In Davis et al. (1985b) 
the before smoking values for platelet factor 4 ranged from 6.8 to 39.2 ng/ml 
(mean of 13.8) whereas after smoking values ranged from 7.0 to >100(mean 18.6). 
The significance of this variability is not explained. 

Even accepting that platelet aggregation is increased it is a very big step to then 
propose that this is the mechanism by which ETS causes heart disease. 
Conceivably there may be a propensity for increased thrombus formation but 
only in those persons with a preexisting CHD condition and where there is clear 
endothelial denudation and subendothelial tissue damage — that is where lesions 
are at an advanced stage. Tire other proposed mechanism by which platelets may 
play a role in the development of lesions is through the release of growth factors. 
While this was originally proposed by Ross and Glomset in 1973 as part of their 
response to injury hypothesis, this idea has been significantly modified (Ross, 
1993). Whereas platelets may play a role in the late stages of the disease, other 
factors such as endothelial and monocyte derived growth factors and bFGF, as 
well as oxidised LDL (which can promote endothelial injury), are more likely to 
be involved in the early development. The effect of passive smoking on these 
factors is noi known 

It is important to emphasise that probably none of the factors works alone in 
atherogenesis (Ross, 1993) but rather through a network of interactions including 
checks and balances. Confounding factors may be particularly important in this 
regard 

More recently there have been a number of publications investigating the effect 
of cigarette smoke on endothelium. Of particular interest is a paper by Lehr et at. 
(1993) showing that cigarette smoke elicits leucocyte adhesion to endothelium in 
hamsters and that this response is attenuated by superoxide dismutase (SOD). The 
model, however, is one of very heavy exposure to cigarette smoke and the results 
cannot be extrapolated to ETS. The significant attenuation hy SOD, however, is 
important as it supports a roie for antioxidants. Should ETS elicit leucocyte 
adhesion (very doubtful considering the magnitude and variability of the results 
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under conditions of heavy exposure) then dietary antioxidants could conceivably 
negate any deleterious effects. This highlights Ihe importance of confounding 
factors, notably diet, referred to earlier. 

The endothelial damage reported in the papers by Davis and colleagues also 
needs to be questioned. The endothelial cell counts are very low (about 24). 
Circulating endothelial cells, or ghosts, wore counted in Neubauer chambers 
which are particularly inaccurate with low ceil counts. From Ihe personal 
experience of one of us (MJM) counts below 30 are suspect and ideally counts 
need to be 100 achieve a precision of around 5%. Thus counts reported as 
doubling from 2.3 lo 4.8 (Davis et al., 19S$a) are not reassuring, ft must be 
emphasised that these changes occurred with active smoking. Extrapolation to ETS 
Is not possible. The argument is advanced that endothelial loss is the key factor 
but in animal models the loss needs to be substantial ami contiguous for intimal 
thickening to occur (Williams, 1991). 

A further argument advanced by Glantz and Parmley is that ETS decreases the 
sensitivity of platelets to antiaggregatory prostacyclin PGJ2, thus increasing 
susceptibility to aggregation and thrombus formation. Generally the data appear 
to be sound but some points are not clear. For example in the paper by 
Burghuber et al. (1986) why are the Sensitivity indices for smokers and 
nonsmokers before exposure to either active or passive smoking (Fig. 3 in Glantz 
& Parmley) so apparently different? Nonsnu.kers exposed to ETS (Fig, 3 right) 
appear to be little different from nonsmokers not exposed (Fig. 3 left). Presumably 
this is because the values for individuals vary considerably If this is so then it is 
difficult lo interpret the biological significance of any changes, especially with 
respect to ETS and atherogenesis. (At best, one would have to argue that what is 
important for an individual is a change in level, but not the level itself.) 

Carcinogenic effects - the role of polycyclic aromatic hydrocarbons (I’AHs) 

Glantz and Parmley argue that atherosclerotic plaques arise due to the mutagenic 
actions of PAHs in ETS and cite a number of papers (Benditl & Benditt, 1977; 
Alber et aj„ 1977; Rcvis ct al., 1984, Penn et al., 1981, 1986; Nlajesky et al., 1983; 
Randerath et a!., 1988), At best the results arc equivocal and the relationship to 
passive smoking very tenuous. 

Several points need to be made. First the plaques analysed after injection of PAHs 
are not athersclerotic lesions. They are myoiuiimal thickenings. Second, apart 
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from Revis et al. (1984), new lesions were not induced; previously existing 
thickenings were increased in size. While Revis et al. did find evidence of 
increased numbers of plaques (hey occurred only with BaP, and not with BeP, 
DMBA or 2,4,6 trichlorophenol, and only in aorta. A dose response was not 
observed Although tissues were examined for lipid droplets there are no 
^holographs of the "lesions" thus it is difficult to assess the type of plaque. It is 
ilso difficult to be certain (hat the increased number of plaques was due to new 
tlaques. It could be a function of recording method; that is very small existing 
jlaques may have been below the detection threshold It is not clear from the 
nethods whether the counts were made by eye or with the aid of a microscope. 

’enn et al. (1986) claim to provide support for the idea that plaques are 
nonoclonal in origin since DNA collected from human coronary plaques can 
;ive rise to transformed cells in culture which can subsequently produce tumours 
tt mice. This work, however, has been challenged by the results of other studies, 
'ew et al. (1989) were not able to identify transforming sequences in DNA from 
arotid plaques and DNA damaged during isolation from normal cells can 
ransform cells in culture (Bishop, 1987). . 

he paper by Randerath et al (1988) reports on the effects of topical application of 
Igarelte smoke condensate to skin of mice. Their clailn, however, that the 
■suiting DNA damage in heart and lung tissue, following cutaneous penetration, 
tplies a route for passive smoke is stretching the conclusions to the absolute 
nit. Leaving aside the question as to whether or not the DNA damage would 
Suit in carcinogenesis in the lung or heart (the latter a very rare event) what is 
it addressed is the question of concentration differences between dermal 
posure to passive smoke versus topical application of a condensate. 

reel Effect of ETS on Plaque Growth 

nn and Snyder (1993) reported that inhalation of sidestream smoke accelerates 
■ development of arteriosclerotic plaques in young cockerels exposed for 6 
urs per day, 5 days a week over 16 weeks. Notwithstanding concerns over the 
josure levels (Coggins, 1993), the method of measuring plaque growth is 
jstiunable. Penn and Snyder use a plaque index which uses lumenal 
tumference to standardise plaque areas. This method, however, is very 
ceptible to bias since even a small difference can produce erroneous results, 
example if the vessels of the exposed group were slightly smaller (the weights 
:he cockerels at the end of the experiment are not given) then the net effect 
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would be an increase in the plaque index without any change in plaque area. 
Since Penn and Snyder do not reproduce anv of the raw' data in their paper, nor 
any measure of variance such as standard deviation, it is riot possible to conclude, 
as they do, that there is an increase in plaque size. 

Conclusion 

Taken together the biological data do not support a causal relationship between 
ETS and heart disease. At best there is a possibility ot aggravation of existing heart 
disease. While acute effects, such as endothelial loss and platelet aggregation, can 
be demonstrated the impact of these cm the disease process can only be 
conjectural. A further difficulty, and one not generally addressed in the biological 
studies, is the interaction of ETS with other risk factors for CHD. Since 
atherosclerosis is believed lo be a multifactoriai process, interactions and 
confounders preclude any firm statements about the biological effects of ETS on 
the initiation and developmeni of lesions. 

4.3.4 Does exposure to ETS cause Heart disease in auults? 

We now assess the scientific evidence for a causal relationship between ETS and 
heart disease in adults. 

Strength 

It is our opinion that neither the epidemiological nor the biological data indicate 
a strong association. 

Overall, the relative risks are below 2. Because of the small size and large 
variability in the epidemiological studies, other factors may account for any 
individual and overall excess risk. 

Chance 

Chance has not been ruled out as a possible explanation of the observed increase 
in relative risk in the 14 individual studies: lest- than half report relative risk 
estimates which are statistically significantly grc.uer than unity. Over all the 
studies, a positive association is more compelling but still nul strong. 
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Study Quality 

It is our opinion, based on the discussion in the previous section, that problems 
in study quality, which may lead lo bias and misclassification, have not been 
adequately addressed and may still explain much, if not all, of an observed 
association. 

Confounders 

As detailed in the previous section, there is inadequate control of confounders- 

There are over 200 identified risk factors for heart disease. While many of these 
are linked, no study controls for more than 6, Some of these, such as diet or 
previous heart disease, may completely explain any observed association. 


Representativeness 

3ecause of special study groups, differences between cases and controls, and poor 
lontro! of confounders, considerable caution should be used in extrapolating the 
.■pidemiological results to other populations. 


Consistency 

n our opinion the relative risk estimates are not consistent across 
pidemiological studies- For example, excess risk estimates vary from 0.2 to 2.0, a 
:n-fold range, and in two instances they are actually negative. 


pecificity 

xposure lo ETS is not the only possible cause of hear! disease. Moreover, 
wci/icity of magnitude is not established' many other risk factors have larger 
-lalive risks for heart disease lhan ETS exposure. 


tmporality 

s discussed in Section 2, the outcome depends on when the exposure is 
easured. Hence measures of curient exposure are invalid without assumptions 
constancy of exposure and confounders over time. Past exposure, however, 
quires recall with associated possible bias. 
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Wexler (1989, p.150) asserts that each of the studies to 1989 appears to provide 
adequate temporal association between ETS exposure and onset of cardiovascular 
disease. 

Biological Gradient 

As detailed above, dose response relationships arc not consistent across the 
epidemiological studies which give relevant data. Any overall assessment is 
further conditional on possible unreported nonsignificant relationships in the 
other studies. Often, however, the numbers are simply too small or the measures 
too crude to allow an assessment of biological gradient. 

Plausibility 

The generally accepted view of atherngenesis i, that it is a niultif.ictorial problem 
with the potential for a large number of factors io initiate and aggravate the 
disease process, perhaps through just a few common pathways. Thus the effects of 
different risk factors on the pathology cannot necessarily be distinguished from 
each Other. One proposed pathway is through endothelial injury and damage 
whereby following endothelial removal, or dysfunction of endothelial cells in 
silw, the balance between various cytokines and growth factors is altered to 
favour migration, growth and matrix synthesis of tire vascular smooth muscle 
cells. In advanced stages, necrosis, which is often associated with lipid 
deposition, leads to lesion formation and may result in plaque rupture, thrombus 
formation and a subsequent myocardial or cerebral infarction 

It is biologically plausible that ETS could contribute to these processes and the 
papers reviewed earlier in this report comment on the numerous mechanisms. 
The weakness of the data supporting (lie claims for a causal relationship, 
however, has been commented on. Further it is not possible to estimate a relative 
contribution, if any, to the multifaciorial biological process of lesion initiation 
and development other than be guided by the relative risk obtained through the 
epidemiological studies. As previously stated this relative risk is very small and 
has not yet been shown to be free of confounders. It must be emphasised that 
theie are a very large number of plausible risk factors for atherosclerosis yet 
despite decades of research there is still no treatment which inhibits lesion 
development. 


ira 


Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 



PM3003531250 


Hem Effects c/ETS 


Independent Working Group 


Coherence 

As discussed above, generally there is no conflict with generally known facts 
about the natural history and biology of the disease. 


. Experimental Evidence 

The experimental studies of this association have been discussed above. Overall, 
this 'evidence' must be treated with considerable caution. Note also that it is not 
sufficient merely to observe that both incidence of heart disease and incidence of 
active smoking are decreasing, since there may be many other factors involved in 
this 'association'. For example, the reduced incidence of heart disease may be due 
to better management combined with improved diagnosis of cause of death. 

Analogy 

There are some difficulties in passing this test. 

Any analogy with active smoking requires, among other things, assumptions of 
equivalence between exposure level, and between mainstream smoke and ETS 
constituents. 

Some of the reported relative risks for ETS approach those reported for active 
tmoking; this is difficult to defend since active smokers are also exposed to ETS. 

As discussed earlier, any one of a large number of risk factors could have the 
iame effect. 

Overall, the above discussion leads to perhaps 3 out of the 9 tests being passed 
biological plausibility, coherence, experimental evidence), perhaps 2 about 
vhich there is insufficient evidence (experimental evidence and biological 
radient), 1 for which there is a theoretical basis but which is not accounted for in 
be studies (temporality), and 3 which we believe arc failed (strength, consistency, 
pecifidty). 

ioncluslon 

/hile there is some evidence that ETS aggravates exercise induced ischaemia in 
ersons with existing heart disease, it is our overall view that, based on the 
jrrent data, a causal relationship between exposure to ETS' and heart disease in 
lulls in the general population cannot be asserted. 
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Table 

Summary of studies reporting on the association betiveen 
exposure to ETS and heart disease in adults. 

Pint Author 

Study 

Study 

Entry 

St udy 

(Year) 

Period 

Population 

Criteria 

Size 

Case Coni ml Srmftyt 




Dobson <1991) 

1988-1089 

NSW Australia 

Lower Hurtle; Region 

residents; Controls were 

in risk factor survey 

M: 183 cases, 293 

controls; 

F: 220 cases, 332 

controls 

Lee (1986) 

1979-1982 

10 hospital 

regions in 

England 

jM.tr. 35 74 yevifs. 

hospital jnpauenis; 

Controls: without one of 

4 irulr 1 diagnoses 

M. 30 cases, 97 

controls; 

F: .16 cases, 157 

controls 

He (1989) 

1985-1987 

Xijing, Chirii) 

F: Ci'iufols: 34 

po|>ul:i!i'X> bascr1. 34 

hosjw l*3tct! 

34 cases. 68 controls 

He (1994) 

1989-199’ 

Xi'an. China 

F n**.r lookers with 

full Min • jobs. c*cl tl 

retnoJ : 5 01 more 

vein > 

59 cases, 126 controls 

Minin ( 1986) 


Utah 

Parent'; l high school 

Siudcriinever smoking 

women .‘ 0*39 years with 

data on ’pouse smoking 

9172 spouse pairs, 7115 

never smoking women, 

23 cases 

Palme; < J 988) 

\ 


USA 

F, 20-64 yrs, in hospital- 
based .study of post-oraj 

contraceptive use&Ml 

336 married cases, 

799 married controls 
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Table 4.3.1.1: Summary of studies reporting on the association between 
exposure to ETS and heart disease in adults, (cont.) 


First Author 
(Year) 

i r i i . ire* 

Study 

Period 

Study 

Population 

Entry 

Criteria 

Study 

Slit 

Care Control Sp‘ 

din 




Vechhia (1993) 

1988-1989 

hilly 

M&.F, 29-74 yrs, within 

113 cases 




ClSSJ-2 study , currently 

martied nevcismokeis. 

Cases: firsi episode 

AMJ 

Controls: hospital- 

based. disease not 

related to CVD 

225 controls 

Cohort Studitl 





Bailer (1988) 

1976-1982 

Californian 

Spouse-pairs: married 

11060 spouSe-pai/s, 



Sc'rnrh-Oay 

couples; 

6467 AHSMOG 



AiJvcMim.s US A 

AHSMOG: in 

subjects: 




concurrem air pollution 

sludy 

20 unexposed cases 

! .viand (1985} 

1963. 

Cab lorn mm 

F. married, aged 50-79 

695 enlcred, 


for 10 years 

retirement 

community. San 

Diego USA 

years 

2 unexposed cases 

iriyama (1984) 

1966-198 J 

29 Health Centre 

F, married, 40+years 

91540 entered, 



Districts in Japan 


118 uncxposed cases 

ile (1989) 

screened 

2 lowns in Wesi 

M&F, 45-64 years 

671M, I784F eniered, 


1972-1976. 

11.5 years 

Scotland, area 

with high Jung 


30 unexposed cases 


on average 

cancer incidence 
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Table ^,3, 1,1 : Summary of studies reporting on the association between 
exposure to ETS and heart disease in adults, (cont.) 


Fir ft Author 
(Year) 

Study 

Period 

Sludy 

Population 

£nrry 

Criteria 

Study 

Size 

Vusi-Contici. Studies 




Humble (1990) 

I960. 

Georgia USA 

F, married, 

513 entered. 


for 20 years 

40* .'4 years, disease 

approx. 27 unexposed 




free 

cases 

Sandler <1990) 

1963, 

Maryland USA 

t 

M <»i i: 

4I62M, 14373F 


for 12 y- c ;us 

?5» 

e net'red. 


4.17I .V248M unexp. 

■--------------cases 

Svemlsen (I987J 197.1. I..r 7 

years on 

iiver^L' 


18 cues in USA M, n 124*5 entered. 

V' ?' ..high hd.risf- 8 mir \p 0 .«J crises 



Alf subjects in all studies nnnsmrilor trevtfrsnxjJ.-r:)- 


IHD: ischemic hem disease. CUD. eororwj hear, ... AMI): ait.crosrlcioh, helm disease- Ml 

myocardial in fare non; 

I) tl.; bean disease. 
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4-2rl,2L Summary of relative risk estimates of heart disease associated 
with exposure to ETS in adults. 


\utfior Subgroup 

Crude RR 

Adj. RR 

Factors for which 

Exposure’ Response 

Year) 

(95% Cl) 

(95% Cl) 

adjustnient was made 

Rtsukt 


<&€ Coq 

XroiSti+dtis 





‘ebson 

Home Exposure: 



age, sex, prior history of 


'.991) 

Mtles 

1.0 (0.6-1 8) 

1.0(0 5-1.9) 

heart disease 


abJes 

Females 

l.6(l.l-2.4) 

2.5(l.5-4.l) 



,3,4 

Work Exposure: 






Males 

0.9 <0.5 1 6) 

1.0 (0.5-1.B) 




Females 

0.7 (0.2-2 I) 

0.7 (0.2-2.6) 



:c 

Spouse Smoking: 



matched for sex, age. 

(Combined index) 

986) 

iblc S 

Males 

1.3 (0.6-2.8) 

3 2 

hospital region, ward. 

time of interview. 

Males: 

Females 

1.0 {0.6-1.7) 

0.9 

RR's standardised for 

Score 2-4: RR=0.4 (0.2- 

14)) 



Total 

1-0 (0.7-15) 

1.0 (0.7-1.6) 

age, spouse smoking, if 



Combined Index: 



ongoing or ended 

maniage 

Score 5-12: RR=0.4 

<0.1-1.9) 


Males 

0 4 (0.2-0 8 > 

results given 




by 


Females: 


Females 

0.5 (0.3-1.0) 


Score 2-4: RR=0.5 (0 2- 

dose 


Combined 

0.5 (0.3-0.8) 


1-17 



Score 5-12; RR=0.6 
(0 2*2.0) (Adj RR=0.6, 
0.8 respectively) 
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Iflbl.c 4.3.,1-2; Summary of relative risk estimates of heart disease associated 
with exposure to ETS in adult*, (cont. ) 


Author 

(Year) 

Subgroup 

Crude RR 
(95% CD 

Adj. RR 
(95% Cl) 

Factors for which 
adjustment n-«is made 

Exposure-Response 

Results 

CaitJjm 

imLZtuiia 





He 

(1989) : 

Females 

3 0(1.3 7.2) 

(•5(1.31.8) 

matched for age, rate, 

residence, occupation; 

adj. for history of CHD, 

exercise, drinking 

1 *20cigs/day :RR*2.3 

(-8*6.3) 

21+cigs/day: RR=6.9 

(2.2-22) 


history, 

hy perch ole sterol aemia 


He 

(1994) 

Females 

Spouse 

Work 

Any 

2.1 (l .1 -4.3) 

2.5 (1 2-4.9) 

2.9(1 3-6) 

1.2 (0.6-2.7) 

1.9 (0.9-4.0) 

2.4(10-5 6) 

;d). for age, 

hypertension history, 

type A personality, local 

cholesterol, high 

density Lipoprotein 

thole sterol 

t .'ncentration 

Reported sig. trends for 

exposure at work, using 

4 exposure measures; 

additive effort of spous« 

and work exposure. 

Martin 

(3986) 

Females 


2 6 M.2-5 7) 


3i*. RR-1.9 

Current: RR=4.4 

(Adj.-=3 4) 

Palmer 

(3988) 

Females 


1.2 


observed trend 1 

Vccchia 

Males 

10 


v ago, education. 

Fj: RR=09 (0.4-2.3) 

(1993) 

Females 

M&F combined 

1.3 

1.2 (0 6-2.5) 

o. ffee. BMI. 

*'t-"iesterol, diabetes. 

Hypertension, family 

3)i tory of Ml 

< 15cjgs/day: 1 1 (0.5- 

28) 

ISKigsM.iy: 1.3 [0.5- 


3.4) 
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Health Effect* of ETS 


Independent Working Croup 


ETS and Heart Disease 


Table 4.3.1.2: Summary of relative risk estimates of heart disease associated 
with exposure to ETS in adults, (cont. ) 


Summary of relative risk estimates of heart disease associated 
with exposure to ETS iit adults, (cont. ) 


Author Subgroup 
(Year) 


Cohort Smiiits 

Butler Females 
(1988) 


Garland Females 
(1985) 


Hirayani Females 
a (1984) 


J foie Males 

(1989) - 


Humble Females 
(1990) 


Crude RR Adj. RR Factors for which Expoiure-R esponse 

(95% Cl) (95% Cl) adjustment hms made Results 


1.4 (0.5*18) 


Exsmoker:RR=1.0 (0.6- 

1.7) 

Current: RR-1.4 (0.5- 

3.8) _ 


3.5 (0.8-15) 2.9, p<0.1 age (also considered Reported age*adju$led 

years o/ marriage, blood positive dose response 
pressure, cholesterol, 
_obesity) 


1.0 (0.8-1.2) 1.2 (0.9-1.4) age of wife 


1/. (fi'M 8} 

3.8(1 2)2) 

I .MO 7-1.7) 2.0(1.2-34) 


age of wife Reported sig., low to 

high: 

1.1 (low), 1.3 (high) (no 
_ Cl) _ 

age, sen (also M4cigs/day:RR=2.1 

considered class, DF 1 , ,, . __ * i 

!5+cigs/day:RR=4.l 

CHD, cholesterol. 

BMis) Crudc:3.0(0.9- 


Crude:3.0(0.9- 
10,4.8(0 7*1 3) 


insufficient 1.6 (1.0-2.6) age (also considered Rcpoited dose response 
data class. BP, cholesterol, in some strata 

8MI) 


■ 

Author Subgroup 

Cmde RR 

Adj. RR 

Factors for wh ich 

Expo $u re-R e sp ons t 

m 

(Year) 

(95% Cl) 

(95% Cl} 

adjustment was made 

Results 





S3 


Sandler Males 


12(0,9-1.5) 1.3(1.M.6> age, housing quality, Males: 

no , | * i • , marital status, Years of „ , 


0.7 (0.6-0.8) 12(1.1-141 


Score 1-5:RR=1.4{1.1- 

1 , 8 ); 

Score 6: RR" 1.3(1.0-1.6) 

Females: 

Score I*5:RR= l.4f 1.1- 

1 . 8 ); 

Score 6 :RRal. 3 ( 1 . 0 - 1 . 6 ) 


Svendse Spouse Smoking 


Spouse Smaktnf: age, blood pressure. Death: 

l>alh 2.1 (0.7-6.5) 2.2(0.7-6.91 ch ° leslei01 - r(fpontd sjj , , rend 

education, diiriks/week „ a 

Heart attack/ 15(0.9-2.5) 1.6(10-2.)) pHHW: 


Death 

Worfc Exposure: 

Death 


M9cigs/day:RR=(l 9 
( 1-7) 


insufficient 2 6(0.5-l3l 


age, wife's smoking 20+ 


Heart data 

attack/Death 

interaction": 

W+,C+ ,, 

■nsuff 

W+,C- data 

W- t C+ 


«*itus ci£s/day:RR=3.1(.911) 

‘ la ' a 1.4(01-2.8) 

Death/Discase: 

Reported negligible 
trend: 

insufficient , 

1 7 (0 8-3.6) l-l9cics/day:RR -1 2 

dau no adjustments staled far 

1.2 (0,4-3..7) 20+cigs/day: RR-J.g 


•1.0 [0.5-l.9) _ 

•Calculated using the logit method from available data; ,4 W+; spouse smoker, C+: coworker smoker 

“♦•Reported as 14.9 (estimated 95% CJ 0.2-500) bui argued by Mantel (see Lee, 1992. p.187) to be wrong: 
log(!4.9) is the appropriate value 


Source: https://www.industrydocuments.ucsf.edu/docs/gjnj0001 
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